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PLATE !•—Fig. 1.— Siylina%\}, Part of specimen. X 8 diameterB. 

„ 9a. —Stylitia sp. The surface of the corallum, nat. Bize. 

„ 2. Stylopkyllopsia tkaungyinensis, n. ap. Upper view of a 

oorallite of the typical form with well marked ooetate 
rim. X 2J diameters. 

,, 3.- Stylophyllopsis ihaungytnensis^ n. sp. A worn corallite, 

showing that some of the septa are perforate and the 
nature of the columella, x 2^ diameters. 

„ 4.— SiylophyUopsis ihaungyinenais, n. sp. A young corallite 

rising from a flat nodule, of wliich the lower polished 
surface shows the perforate nature of the septa and 
the parietal columella. X diameters. 

„ o,-Styh»phyllop8isthan7igyinensi8yn.sp. Asubhexagonal coral- 
lit e with thick wall and parietal columella. X 2^ 
diameters. 

„ G .—Siylophyllopsis iluiungyinen^is, n. sp. A corallite with two 
priruar}' septa thicker than the rest and api)arently 
united by the columella. X 4 diameters. 

„ 7. —Slylophyllopsis (haufigyineneis, n. sp. A corallite showdng 

the thick w^all and substyliform upper ending of the 
columella. X 2i diameters. 

„ 96. —StylophyUopsis thaungyineMxs^ n. sp. A small corallite, on 

a slab of limestone, nat. size. 

„ 8, —CttUr<istrcea coUeri, n. sp. A branched corallum, nat. size. 

„ 9c. —Ctnlrasircea coUeri, n. sp. A branch, nat. size, on a slab 

with *>tyUiui sp. and HyJophyUopsis thaungyinensis^ n. 
sp. 

ri.4TK tr~Fig. i.---Centr(istr(m cotieri, n. sp. Two corallites from the top of 
the same oorallum, x 8 diameters, showing the dis¬ 
tinct substyliform oolumella. 

„ 2 .—Maeandraraea orienkile, n. sp. Surface ol oorallam. X 2*7 
diameters. 

„ *fS,—Mamndraram orieniaU, n sp. Another coraUum. x 2 dia¬ 
meters, from slab of limestone with large gastropod 
and orinoid stem. 

4 .—Mamndraram ori&Udlt, n. ap. Another oorallam. X 2'7 
diameters. 

n 6. —Matandramm orimkdt^ n. sp. Part of a thin vertical sec¬ 
tion showing the septa. X 4*5 diaiuelere. 
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PLATB t. —Fig. 6.— Maeandraraea orientale^ n. Bp. Part of a thin horiseontal 
aeotion. X 4*6 diameters. 

„ 7.—Calcareous Alga, ? Physoporella. Tliin section of altered 

dolomitio Htichara Limestone, from the Htiohara 
Forest Bungalow with a calcareous alga. X 30 dia¬ 
meters. Age probably pre-Triassio. (Hunterian 
Museum, Glasgow. CoL J. W, Gregory). 

PLATE 3.—Figs. 1 & 2 .—Rhynchondla barnbanagensis Bittner. Lor, K21*416. 

„ 3 & 4 .—Rhynchondla cf, fissicostala ^uesB. Zkw*. K21*416 

Fig. 5 .—Rkynchonella cf. concordice Bittner. Loc. K21*416. 

Figs. 6 & 7 .—Ghlamys sp. Loc, K21*416. 

PLATE 4.—Each specimen is surrounded in the drawings by a zone of sediment. 

The bkeletons are mostly bright on dark ground. 

Figs. 1— Q.~—Holosporella siameusU nov. gen., nov'. sp. X 35. 

Fig. 1. Nearly longitudinal acction. .Sporangia and axial perf^ra 
tion filled with calcite. 

„ 2. Longitudinal section. Sporangia much damaged. All 

cavities filled with detritus. 

„ 3. Oblique section. Sporangia partly opened ; limits betw^een 

their walla very ahaip. 

„ 4. Oblique section. Axial cavity idled with calcite, sporangia 

mostly broken. 

„ 5. CrObS*section. Preservation like fig. 4. 

„ 6. Oblique section. Axial hole filled with detntu©. 

Figs. 7—9. Aciculdla baciUuw Pia. 

Fig, 7. Cross-section. X 24. 

,, 8. Oblique section, nearly axial X 22. 

„ 9. Probably tangential section. X 24. 

Figs. 10—12 .—Diplopora phanerofspara V'xa, Oblique sections. X 10. 

(Drawings already pullished in 1920 and reproduced 
here for comparison). 

Fig. 10. Sterile specimen. 

„ 11. Fertile specimen. Sporangia filled with calcite. 

„ 12. Fertile specimen. Sporangia opened and filled witlf 

detritus. 

PLATE 5.—Fig. 1 .—Cyllme vredenbnrgi, n. sj). nat. size. 

Figs, la, 16.— CyUenevrodenburgi, iL X 3. 

Fig. 2 .—Unio n. sp. (Type specimen) Right valve. Nat. 

size. 

„ 2a .—Unio edwint, n. sp. (Type specimen) Right valve. X 2. 

„ 3 .—Unio edivinif n. sp. var. 1. Right valve. Nat size, 

„ 3a»-^Unio edwini, n. s]!, var. 1. Right valve. X 2. 

„ 4 .—Unio edwini, n. sp. var. 2. Left valve (with right valve 
attached). Nat size. 

„ 40 . —Unio edwini, n. var. 2. Left valve (with right valve 
attached^ X 2 
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rLATR S.—Fig, 5 .—Unio pUgrimi, n. sp. (Type Bpeoimen). Nat. size. 

„ 6a.— Unio ptlgrimiy tl sp, (Type specimen), x 2. 

„ 6.—A broken specimen of U. edwini, showing pseudo-cardinal?. 

X 3. 

„ 7.— U. edwiniy n. sp. showing anastomosing branches of rib^. 

X 3. 

„ 8.— Z7. edwiniy n. sp. showing the umbones and the ligament. 

Nat, si^-a 

„ 9.— V* edwiniy another specimen, showing the umbones and the 

ligament (partly). Nat. size. 

fLATB f.—Movements of Glacier Snouts. Group I, Hunza-Nagar. 

PLATE T.—Movements of Glacier Snouts. Group II. Baltistan Ladakh. 

PLATE 8,—Sketch Map, ghowing Glaciers of the Karakoram. Scale 1-014 
inches =16 miles. 

PLATE 9.—Diagrams showing speciBo gravity and ash contents of Gondwana 
Durains. 

Fig. 1.—Caking Durains. 

„ 2.—Non-caking Durains. 

PLATE 16.—The formation tester, 

PLATE 11.—Graph stoT^ing the average rel-tiun between the percentage of the 
total oil and to al gas recovered ultimately from 6 Cahforman 
wells. 

PLATE It.—Chart shou ing reiationtohip between production, size of flow nipple 
and percentage of water. 

PLATE 13.—Fig. 1.—Graphs illustrating improper gas-oil ratio control in a 

Brea gas-lift well. 

„ 2.—Graphs illustrating proper control gas in a Dominguez 

gfts-lift well. 

PLATE 14.—Production graph illustrating gas-oil ratio control by means of casing 
pressure in a pumping well in Dominguez field. 

PL iTB 15.—Graph illustrating results of repressuring with air. Harmel Pool 
PLATE 16.—Graph illustrating the results of repressuring. AUuwe. 

PLATE It.—Production graph of the CalJendar, Heilman and Reyee leases. 
Dominguez Hill. California. 

PL4TE 18.—Composite curve for 19 key wells, showing the daily average pro¬ 
duction for surrounding wells per key weE 

PLATE If,—All the figures are reproduced natural size, from direct photographs 
of the specimens. 

Fig. 1 .—Viviparua haaani, sp. nov. Holotype embedded in a 
clayey matrix. (14,783). 

Figa 2, 3.— Vivipams hasani, sp. nov. Casts of two shells. (14,784 
—14,786). 

4, 6 .—LamtUidens prodori, sp. nov. Right and left valves of 
the Holotype, (14,786). 
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PLATS l^—Pigs, 6, 7.— LatMlUtdeM prodori^ sp. nov. Right and left vahres of 

another speoimen. (14,787). 

„ 8, 9.— Lamdlidms sp. Right and left valves of a species of 

L. generosus group. (14,788). 

„ 10, 11.— LamdUdtna sp. Right and left valves of oasts of a 
species near JL jammuenaia from the Middle Siwaliks 
ooUeoted at hfithrala, Attock District. (14,780— 
14,790). 

„ 12, 13.— LanMidina sp. Left valves of oasts of two specimens 
from Lower Siwaliks collected near Chinji, 8a1t Range. 
(14,791—14,792). 
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General Report for 1929 . By Sir Edwin Pascxde, 
M.A., Sc.D. (Cantab.), D.Sc. (Lond.), F.G.S., F.A.S.B., 
Director, Geological Survey of India. 

DISPOSITION LIST 

D uring the period under report the officers of the Department 
were employed as follows:— 

Sujterintendents, 

Dr. L. L. Febmor . . Granted combined leave for eight 

months and twelve days with effect 
from the Ist March, 1929. Permitted 
to attend the XVth International 
Geological Congress held in Pretoria 
during July and August, 1929. Return¬ 
ed from leave and resumed duty on 
the 4th November, 1929. Remained 
at headquarters. 

Dr. G. E. PiLORiH . . Returned from leave and resumed duty 

on the 30th October, 1929. Remained 
at headquarters as Pateontologiat 
from the 30th October, 1929. 
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Mb. G. H. Tipper • 

Dr. G. dk P. Cotter. 

Dr. J. Cooqin Brown 

Mr. H. C. Jones 

Dr. a. M. Heron 

Dr. a. M. Heron . 

Dr. C. S. Fox . 


. Retired from service with effect from 
the 6th September, 1929.' 

. Returned from the field on the 27th 
June, 1929. Acted as Pateonto- 
legist from the 28th June to the 18th 
October, 1929. Granted combined 
leave for fourteen months with effect 
from the 19th October, 1929, with 
permission to prefix the Puja holi¬ 
days. 

. Granted combined leave for seven 
months with effect from the 22nd 
March, 1929. Returned from leave 
on the 20th October, 1929 ; placed in 
charge of the Burma party. 

. Acted a.s Palaiontologist till the 27th 
June, 1929. Grunt^»d combined leave 
for fifteen months with t*ffect from 
the 6th September, 1929. 

. Appointed Superintendent, (Tcological 
Survey of India with cITim t from the 
Gth September. 1929. Placed in 
charge of the Rajputana party; left 
for the field on the 25th October, 
1929. 


Assistant Superintendents. 

. Returned from the field on the 17tb 
May, 1929. Confirmed in the grade 
of Superintendent with effect from 
the 6th September, 1929. 

• Rema ned at headquarters to complete 
the memoirs on the coalfields of 
India. 
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Mb. H. Crookshank . Returned from the field on the 19th 

April, 1929. Placed in charge of the 
Central Provinces party. Left for 
the field on the Ist November, 1929. 

Mb. O. V. Hobson . . Returned to headquarters from field 

work in the Northern Shan States, 
Burma, on the 16th June, 1929. 
Placed in charge of the Bihar and 
Orissa party ; left for the field on the 
26th October, 1929. 

Mb. E. L. G. Cleog . . Remained at headquarters in charge of 

oflBce. 

Rao Bahadur S. Sethu Returned from the field on the 17th 

Rama Rau. March, 1929. Died on the 27th 

March, 1929. 

Rao Bahadur M. Vina YAK Returned from field work in the Madras 
Kao. Presidency on the 2nd May, 1929. 

Granted leave on average pay for 
two months and twenty-six days with 
effect from the 10th July, 1929 with 
permission to affix the Puja holidays. 
Returned from leave and resumed 
duty on the 8th October, 1929. 
Detailed for the continuance of the 
Slinky of the North Arcot, Chittoor 
and Salem districts. 

Mr. E. J. Bradshaw . Continued to act as Resident Govern¬ 

ment Geologist, Yenangyaung, till 
the 17th March, 1929. Placed tem¬ 
porarily in charge of the Burma 
party during the absence on leave of 
Dr. J. Coggin Brown. Granted com¬ 
bined leave for two years and four 
months with effect from the 26th 
October, 1929. 

b2 
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Mr. a. L. Coulson . 


Mr. D. N. Wadia . 


Dr. J. a. Dunn 


Mr. C. T. Barber . 


Mr. £. R. Gee 


Mb. W. D. West 


. Continued to act as Curator of the 
Geological Museum and Laboratory 
till the 17th May, 1929. Granted 

combined leave for fifteen months 

with effect from the 2l8t May, 1929. 

, Returned from the field on the 12th 
July, 1929. Acted as Paleeonto- 
logist from the 19th to the 29th 
October, 1929. Remained at head¬ 
quarters. 

. Returned from the field on the 2l8t 
April, 1929. Acted as Curator of the 
Geological Museum and Laboratory 
from the 18th May, 1929. 

. Returned from leave on the 10th March, 
1929. Resumed charge of his duties 
as Resident Geologist at Yenan- 
gyaung and Official Member of the 
Advisory Boards of the Yenan- 

gyuung and Singu Oil Fields, Burma, 

from the 18th March, 1929. 

Returned from the field on the 5th July, 
1929. Detailed for the resumption 
of his survey of the Salt Range in 
the Punjab. Left for the field on the 
21st October, 1929. 

. Returned from leave and resumed duty 
on the 23rd September, 1929. At¬ 
tached to the Central Provinces 
party to continue his survey of the 
Chhindwara and Nagpur districts 
till March, when he will resume the 
survey of the N.W. Himalaya. Left 
for the field on the 15th November, 
1929. 
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Mr. a. K. Banerji . . On leave. 

Dr. M. S. Krishnan . Returned from the field on the 16th 

April, 1929. Services placed at the 
disjKwuil of tlie Department of Edu¬ 
cation, Health and Lands for a period 
of three months with effect from the 
Ist July, 1929. Detailed for the con¬ 
tinuance of the survey of Gang- 
pur State in Bihar and Orissa. Left 
for the field on the 14th November, 
1929. 

Mr. P. Leiokster . . Returned to Rangoon from field 

work in the Amherst district, Burma, 
on the 18th April, 1929. Granted 
leave on average pay for eight 
months with effect from the 3rd May, 
1929. 

Dr. S. K. (‘hatterjee . Returned from the field on the 22nd 

April, 1929. Attached to the Central 
Provinces party and left for the field 
on the 3fd November, 1929. 

Mr. J. B. Ai’DKN . Returned from leave and resumed duty 

on the 9th September, 1929. At- 
taclunl to the Rajputana part}’ till 
March when he will resume the sur¬ 
vey of the N.W. Himalaya. Left 
for the field on the 11th October, 
1929. 

Mr. V. P. SoNDHi . . Attached to the Burma party to con¬ 

tinue the geological survey of the 
Shwcbo district. Remained in Bur¬ 
ma throughout the period under 
report. 



6 


Records of the Oedogxcdl Survey of India. [ VoL. LXItt. 


Mb. B. B. Gupta 


Db. H. L. Ghhibbsb 


Db. P. K. Ghosh 


Db. M. R. Sahni 


Db. W. a. E. Ohbistie 


. Returned to Rangoon from field work 
in Burma on the 5th May, 1929, and 
crossed to Calcutta for recess on the 
16th May, 1929. Transferred from 
the Burma parl^ to headquarters 
and attached to the Madras party. 
Left for the field on the 8th Novem¬ 
ber, 1929. 

. Returned to Rangoon from field work 
in the jade mines area in the 
Myitkyina district, Burma, on the 
l%h May, 1929. Remained in Burma 
throughout the period under report. 

. Appointed Assistant Superintendent, 
Geological Survey of India; joined 
the Department on the 4th Septem¬ 
ber, 1929. Attached to the Raj- 
putaua party and left for the field 
on the 24th October, 1929. 

. Appointed Assistant SujMrintendent. 
Geological Survey of India; joined 
the Department on the 14th October, 
1929. Attached to the Burma party 
and left for Burma on the 4th Nov¬ 
ember, 1929. 


Chemist. 

. Remained at headquarters. 


Artist. 


Mb. K. F. Watkinsom . Remained at headquarters. 
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Stib-AssigtarUs. 

Mb. D. S. Bhattachabji . Returned from field work in the Central 

Provinces on the 20th April, 1929. 
Attached to the Central Provinces 
party and left for the field on the 
4th November, 1929. 

Mb. B. C. Gupta 

• Returned from field work in Rajputana 
on the 3rd May, 1929. Attached to 
the Rajputana party and left for the 
field on the 6tli November, 1929. 

Mr. JI. M. Lahiui . 

. Returned from the field on the Ist 
January, 1929. Attached to the 

Punjab and North-West Frontier 

party and left for the field on the 
7th November, 1929. 

Dr. L. a. Nakayana 

Iykk Returned from leave on the 15th Aug¬ 
ust. 1929. Attached to the Burma 
party and left for the field on the 
Hth November, 1929. 

Mr. P. N. Mukerjee 

, Returned from the field on the 20th 
May, 1929. Granted leave on ave¬ 
rage pay for four weeks with effect 
from the 19th October, 1929. Re¬ 
turned from leave and resumed duty 
on the Jfith November, 1929. Re¬ 
mained at headquarters during the 
rest of the period. 

Mr. a, K. I>Ky 

. Returned from the field on the 28th 
April, 1929. Attached to the Bihar 
and Orissa party to complete tho 
survey of the Palaraau district. Left 
for the field on the 11th November, 
1929. 
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Me. P. C. Roy 

Mahadeo Ram 

N. K. N. Aiyenoar . 

Austin M. N. Ghosh 

D. Gupta 
A. B. Dutt 

K. P. Haban . 


Assistant Curator. 

, At headquarters till the 24th October, 
1929. Granted leave on average pay 
for two months with effect from the 
25th October, 1929. 


Assistant Chemist. 

. Promoted to the newly created post of 
Assistant Chemist with effect from 
the 8th May, 1929. Remained at 
headquarters. 


Field Collectors. 

. Remained at headquarters till the 29th 
October, 1929. Detailed for the 
collection of fossils in Rewa State. 
Left for the field on the 30th October, 
1929. 


. On leave. 


Museum Assistants. 

. At headquarters. 

. Appointed on the 18th March, 1929. 
Remained at headquarters. 

. Appointed temporarily on the SOth 
August, 1929. Remained at head¬ 
quarters. 
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M. S. Venkatham . . Appointed temporarily on the 5th 

September, 1920. Kemained at 
headquarters. 

The (jadre of the De])artment continued to l)e G Su])eriiitpndents, 
22 Assistant Hu|>erint<*ndents, and one (’hemist. Theie \\(re two 
var‘aneies in the ^^rad(* of Assistant Superintendent anrl the^^e were 
tilled up diirin*/ the year under report 


ADMINISTRA nVK CHANGES. 

Dr. A. M. Heron continued to olBciate as Superintendent up to 
the 6th Sei>tembcr, 1929, vice Mr. G. H. Tipper on leave» and was 
Promotion and confirmed in the appointment of Superintend- 
appoin(m€nt». ent with effect from the 6th September, 1929. 

Dr. C. S. Fox officiated as Superintendent up to the 29th October, 
1929, vice Dr. (}. K, Pilgrim on leave, and again from the 30th October, 
1929 onwards, vice Dr. CJ. de P. Cotter on leave. 

Mr. H. (Vookshank officiated as Superintendent from the 6th 

September, 1929 to the 29th October, 1929. ihci' Mr. H. C. Jones on 

leave. 

Mr. Cl. V. Hobson officiated as Superinkuident from the 6th 

Septeml>er, 1929 to the 19th October, 1929, vice Dr. J. Coggin Bro^vn 
on leave, and from the 20th to the 29th October, 1929, vice Dr. G. de 
P. Ootter on leave ; and again from the 30th Octolnjr, 1929 to the 2iid 
November, 1929, Hce Mr. H, C. Jones on leave. 

Mr. E. L. G. Clegg officiatt^d as Sui>erinteadent from the 29th 
February, 1929 to the 2nd November, 1929, vice Dr. L. L. Fermor on 
leave, and again from the 3rd Noverabt^r, 1929 onwards, vice Mr. H. C. 
Jones on leave. 

Mr. A. L, Coulson acted as Curator, Geological Museum and 

Laboratory, till the 17th May, 1929, when he w^as ndieved by Dr. 
J. A. D unn . 

Mr. H. C. Jones acted as Palnontologist till the 27th June, 1929, 
when ho was relieved by Dr. G. de P. Cotter. From the 19th to the 
29th October, 1929 Mr. D. N. Wadia acted as Palicontologist, and 
thereafter Dr. O. E. Pilgrim. 

Dr. P. K. Ghosh, M.Sc. (Cal.), Ph.D., D.I.C., D.Sc. (London), 
and Dr. M. R. Sahni, M.A. (Cantab.), Ph.D., D.I.C., D.Sc. (London), 
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F.G.S., have been appointed Assistant Superintendents with effect 
from the 4th September, 1929 and the 14th October, 1929, re¬ 
spectively. 

Mahadeo Ram was appointed Assistant Chemist with effect from 
the 8th May, 1929. 

A. B. Dutt, M.Sc. (Cal.), was appointed Museum Assistant on 
the 18th March, 1929, K. P. Haran, B.A. (Madras), and M. S. 
Venkatram, B.A. (Madras), were appointed temporary Museum 
Assistants with effect from the 30th August, 1929 and the 6th 
September, 1929, respectively. 

Mr, G. H. Tipper retired from the service with effect from the 
Retirement. 0th September, 1929. 

Dr. L. L. Fermor was granted combined leave out of India for 
eight months and twelve days with effect from 
the 1st March, 1929. 

Dr. G. do P. Cotter was granted combined leave out of India for 
fourteen months with effect from the 19th Octol)er, 1929. 

Mr. II. C. Jones was granted combined leave out of India for 
fifteen months vdth effect from the 6th Sej)tomber, 1929. 

Rao Bahadur M. Vinayak Rao was granted leave on average 
pay for two months and twenty-six days with effect from the 10th 
July, 1929. 

Mr. E. J. Bradshaw was granted combined leave out of India for 
two years and four months with effect from the 2Gth Octo}>er, 1929. 

Mr. A. L. Coulson was granted combin(‘d loavn out of India for 
fifteen months with effect from the 21st May, 1929. 

Mr. P. Leicester was granted leave out of India on average j)ay 
for eight months with effect from the 3rd May, 1929. 

Mr. P. N. Mukerjee was granted leave on average j^ay for four 
weeks with effect from the 19th October, 1929. 

Mr. P. C. Roy was granted leave on average pay for two months 
with effect from the 2^h Oc-tober, 1929. 

LECTURESHIPS. 

Mr. E. L. G. Clegg acted as a part-time I^etdiurer on Geology at 
the Bengal Engineering College, Sibpur, from the 22nd May, 1929. 

Mr. A. L. ^ulson continued as part-time Professor of Geology 
at the Presidency College, Calcutta, till the 17th May, 1929, and 
thereafter Dr. J. A. Dunn from the 2nd July, 1929. 
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Dr. M. S. Krishnan^acted ;a8 a whole-time Lecturer on Geology 
at the Forest College, Dehra Dun, for a period of three months from 
the Ist July, 1929. 

LIBRARY. 

The additions to the Library amounted to ‘),574 volumes, of 
which 1,205 were acquired by purchase and 2,369 by ]>rebenla- 

tion and exchange. 

PUBLICATIONS. 

The following publications were issued during the year under 
report:— 

1 . Kecords, Vol. LXI, Tart 4. 

2 . Records, Vol. LXll, Fart 1. 

3. Records, Vol. LXII, Tart 2. 

4 . Records, Vol. LXll, Part 3. 

5. Memoirs, Vol. LI I, Part 2. 

G. Memoirs, \ol. Llll. 

7. Memoirs \()1. UV. 

8 . Pala ontologia Indira, Xew Series, Vol. X, Memoir Ko. 3, fasc. 11, 

iMUSELM AND LAliORAIORY. 

Mr. A. Ij. t^oulsou was (^irator of the Geological Museum and 
Laboratory from the commencement of tie* year until th<* 20th May, 
when he proewded on lea\e. Dr. J. A. Dunn 
took over the duties of Curator Irom the 21st 
May. Babii Purua Chandra Roy, As.si8tant Curator, pro<* 4 ‘eded on 
leav(‘ from the 25th Octolx'r until the end of the year, during which 
period Babu Maliadeo Ram oliieiated as Assistant Curator. Babu 
Dasrathi tJupta continued as ilusouni Assistant throughout the year, 
and on the 18th March, 1929 Babu A. B. Dutt w^as apjxiintod as an 
additional Museum Assistant. Babus K. P. Haran and M. S. 
Venkatram assumed the duties of temporary Must^um Assistants on 
the 30th August. 1929 and 5th SepU^mber, 1929, respectively. 

Babu Mahadeo Ram continued as Laboratory Attendant from 
the beginning of the year until the 8th May, 1929 when he was appoint¬ 
ed to the newly created post of Assistant Chemist. This he conti¬ 
nued to fill during the remainder of the year, assuming also the 
duties of Assistant Curator from the 25th October until the end of the 
year during the absence on lt5avo of Mr. Purna Chandra Roy. 
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Dr. W. A. K. Cliristie continued as Chemist 
Chemist. throughout the year. 

The number of specimens referred to the Curator during the 
year for examination and report was 761, of which analyses, assays, 
and other special determinations were made of 
•nd ^62. Tlie corresjHeading figures for 1928 were 

722 and 140, respedively. Chemical work includ¬ 
ed analyses of coal, lignite, (oke, clay, t arbonaceous shale, laterit^?, 
bauxite, dolerite and peridotite ; aualyses of manganese, zinc, lead 
and copper ores ; and assays for gold and silver. 


During the year under review collections of Indian minerals and 
Donations to Culle$(es, rock specimens W(‘re donated to the following 
institutions 


1 . The Bishop Westcott Jioys’ School, Namkum, Ranchi. 

2 . The Calcutta Medical Colhige, Bioiog)' Department. 

3. The College of Engineering, Cuindy, Saida{)et, Madras. 

4. The Dow Hill Girls* School, Kurseong. 

6 . The Forest Research Institute, Dehra Dim. 

6 . The Gujarat College, Ahmedabad. 

7. The Patna College. 

8 . The Punjab Agricultural College, Lyallpur. 

9. The Victorian Technical Institute, Amraoti. 

10 . The Cornell University, New York. 

11. The University of Madras. 


In addition the following sjiccific j>resentationK wen^ made 

1 . A fragment of the Naoki meteorite to tlie British Museum 

(Natural History). 

2 . A fragment of the Naoki meteorite to the Museum National 

d’Histoire Naturelle, Paris. 

3. Albite to Dr. K. Spencer, Bird & Co., Calcutta. 

4. Laurvikite to Dr E. Spencer, Bird & Co., Calcutta. 

6 . Vitrain to the Principal, Technological Institute, Cawnpore. 

6 . Basalts to Professor Lacroix, Museum National d’Histoiro 

Naturelle, Paris. 

7 . Coruzidiim-beariiig rocks to Professor Lacroix, Mustmm 

National d’Histoire Naturelle, Paris. 

8 . Elieolite-syenites to Professor Lacroix^ Museum National 

d’Histoire Naturelle, Paris. 
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9. Bocks associated with Jadeite to Professor Lacroix, Museum 

National d’Histoire Naturelle, Paris. 

10. HoUandite to H. Bertram Bateman, Esq., London. 

11. Piedmontite to Professor J. Jakob, Zurich. 

12 . Talc to the Institute of Economic Mineralogy and Metal¬ 

lurgy, Moscow. 

13. Molybdenite to Sir C. V. Raman, Calcutta. 

14. Sodalite-bearing rocks from Kishcngaih to the British 

Museum (Natural History). 

15. Manganese ore to C. Wendler, tioneva. 

16. Wolfram to C. Wendler, Geneva. 

17. Triplite to C. Wendler, Geneva. 

18. Corundum to C. AV’endler, Geneva. 

19. (Jarnet to C. Wendler, Geneva. 

Apart from the large number of sj>ecimens collected by memlters 
Addition* to collec- of the Department, the following important 
6on»* Indian specimens were received and included 

in the Museum collections;— 

1 . Stone meteorite; from Naoki, Parbhani district, H. E. H. 

the Nizam’s Dominions—Mr. G. H. H. Mills. 

2 . Apophyllite with laiunontite and calcite; (ioregum Mine, 

Mysore, South India—Mr. H. M. A. Cooke. 

3. Atacamite ; Palamau district, Bihar—Mr. A. K. Newell. 

4. Bababudaniite in magnetite-quartzite; Kadtu district. 

Mysore—Director, Mysore Geological Department. 

5. Laumontite with apophyllite and calcite; Ooregum Mine, 

Mysore, South India—Mr. H. M. A. Cooke. 

6. Pyromorphite; Chandan, Bhagalpur district, Bengal—Mr. T. 

Chowdry. 

7. Samarskite; Jogipalli, Shrotriem, Nellore, Madras—Mr. R. 

E. Srinivasan. 

8. Sulphur; Eohat, N. W, Frontier Province—Commissioner of 

Peshawar. 

9. Wad; Pani Mine, Udaipur, Rajputana—Manager, Pani 

Mine. 

10. Wolfram; Pagaye Mine, Tavoy, Burma—The Bombay Bur¬ 

ma Trading Co., Ltd. 

11. Anthracite ; Ealakot, Jammu, Kashmir—^Mr. C. S. Middlemiss, 

C.I.E. 
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12. Specimens of coal; Burkar, Sohagpur, South Rewa, Central 

India—^Mr. J. Thomas. 

13. Striated and facetted pebbles ; Kashmir—Mr, R. D. Thompson. 

14. Panjal Traps; Bren Spur, Srinagar, Kashmir—Mr. C. S. 

Middlemiss, O.I.E. 

15. Specimens of raw materials used in iron and steel manu¬ 

facture—^Bengal Iron Co. 

16. Jet (vitrain); Budhan, Jammu, Kashmir— Mr. C. S. Middle- 

miss. 

The following foreign specimens were added to the collections of 
the Department 

1 . Collection of Nickel, cobalt, copper, lead, silver, iron ores, 

and asbestos; from Canada—Mr. H. C. Jones. 

2 . Eucolite in nepheline syenite; Los Islands, W. Africa— 

Professor Lacroix, (by exchange). 

3. Schillerised felspars ; United States—Dr. E. Spencer. 

4. Villiaumite and eucolite in nepheline syenite; Los Islands, 

W. Africa—Professor Lacroix, (by exchange). 

6 . Coal, Disko Island, off the W. coast of Greenland—Mr. C. A. 
John Hendry, 

6 . Alkaline syenites; Xa-Thi, Indo-China—Professor Lacroix, 

(by exchange). 

7. Some basic igneous rocks from Canada—Mr. H. C. Jones 

8 . Collection of rocks associated with iron ores of the United 

States—Mr. H. C. Jones. 

9. Collection of metamorphic rocks from the S. W. Highlands, 

Scotland—^Mr. W. D. West. 

10 . Facetted and striated pebbles; Upemivik, Greenland—Mr. 

('. A. John Hendry. 

11 . Oil shales; Green River, Colorado—^Mr. C. T. Barber. 

12 . Manganese minerals, rhodonite, fried('lite, tephroite and rho- 

docroisite—Professor Lacroix. 

13. Queluzite (spessartitc-quartz-rock); Queluz Mines, Brazil - 

Professor Lacroix. 

14. Moonstones ; Ambalangoda, Ceylon—Dr. E. Spencer. 

15. Opalised shell (‘Venus’); Stuart Range, South Australia 

—by purchase. 

16. Specimens of typical salt imported into India—Dr. W. A. K, 

Christie. 



Paet 1.] 


General Report for 1929, 


16 


No falls of meteorites were recorded during the year under review. 
The meteoric shower of the 29th September, 1928 at Naoki, Hydera- 
l)ad (Deccan), was recorded in the report for 
cteo ^^^23 Another stone which fell near Naold 

on the same date was procured from an Arab named Abdulla of 
Nander by Mr. Mills, of the Criminal Investigation Department, and 
presented to this Departm^mt on the 23rd January, 1929. When re¬ 
ceived it weighed 1,702*55 grammes. It was broken into fragments, 
of whicli one was presented to the British Museum and another to the 
Museum National d’Histoire Naturelle, Paris; the remainder was 
registered as No. 294. 

The ‘ Statesman ’ of the Slst May, 1929, recorded the fall of a 

* meteorite ’ in Secunderabad which was said to have struck a Miss 

Lilian Greig. A fragment of the material sent to this Department, 
however, was identified as coal shale. 

After his return from deputation to Calcutta for training, Mr. 
L. li. Sharma continued his duties as Chemical .Assistant to the 
^ Burma party. Up to the end of October, 1929, 

Burma Laboratory. ^ i i t 

<5 s}K*(‘iraens were received and reported upon 

in th(» laboratory (d the, Burma j^arty of which 18 were quantitatively 
examined. Specimens examined during the year included rocks 
from the districts of Insein, Toungoo, Mergui, Kyaukse, Sagaing, 
Mandalay, Myitkyina and the Shan States. Complete chemical 
analyses were made of mica from Mergui, felspar from the Kuby 
Mines district, limestones from the Shan States, jadeite and brines 
from Myitkyina, and of coal and carbonaceous shales from the 
Southern Shan States. Various ores of lead and silver, antimony, 
tin, and zinc were assayed and their metallic contents deter¬ 
mined. 

To the Museum attached to the ofiBce upwards of 460 specimens 
of rocks, minerals, and fossils were added during the year; of especial 
interest amongst these wa^ a large collection of rocks associated 
with the jadeite occurrences of the Myitkjina district collected by 
Dr. H, L. Chhibber, and specimens of oil shale and the oil distilled 
thertdrom which were brought by Mr. C. T. Barber from the 
United States of America. 

A collection of 20 trimmed rock specimens to illustrate questions 
of underground water supply, was presented to the Harcourt 
Butler Institute of PubUo Health, Rangoon. 
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DRAWING OFFICR 

The Artist Mr. K. F. Watkinson remained in charge throughout 
the year. The Head Litho-Draftsman, Rai Sahib Kali Dhan Chandra, 
retired on superannuation after 36 years’ service in the Drawing Office. 
He joined the department from the Government School of Art at 
a time when the whole of the maps and illustrations for publication 
were drawn by hand and printed from wood blocks or by lithography. 
He showed considerable skill in drawing fossils and in reproducing 
officers’ field sketches on stone. During later years the hand work 
having been largely superseded by photography, ‘ Kali Babu ’“ as 
he was familiarly known—was put in charge of geological maps, and 
on many occasions acted for the Artist as head of the Drawing 
Office. For his long and faithful service he was awarded the title of 
Rai Sahib in 1928. 

The preparation of maps for forthcoming Memoirs has occupied 

the draftsmen for the greater part of the year. The Drawing Office 

prepared 82 plates and printed 61,560 impres- 
Publications. • ^ r ur i.* jj x- aq ^ 

sions for publication. In addition 48 drawings 

were prepared and blocks made for text figures. The Survey of 
India printed 7 plates numbering 5,800 impressions. I’latcs specially 
printed in England for the Palseontologia Indica numbered 
18,450 impressions from 41 plates. 

The drawing work of the 32*mile geological map of India having 
been completed at the end of 1928, the Survey of India Photo and 
Litho Office have prepared the necessary col- 
eoogca maps. plates. An experimental irloet (No. 2, 

Punjab) was prepared and proved satisfactory, and it is hoped that 
the maps will be printed ofi during 1930. Topographical maps 
received into stock from the Survey of India numbered 2,700. 
Some 42 geologically coloured maps were submitted for ^ storing. 
Considerable progress has been made in compiling a catalogue of 
maps published in the Records and Memoirs. 

The work of the photographic section continues to increase, and 
some 1,976 photographic prints were made to illustrate reports 

reproduction. The stock of registered 
Pbotoxraphic section. increased by 320 and of Ian- 

tern slides by over 200. 

PAL/EONTOLOOV. 

Mr. H. C. Jones continued to fill the post of Palaeontologist up to 
the 27th June, 1929. Dr. G. de P. Cotter took charge from the 28th 


Geological maps. 


Photographic Section. 
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June until the 18th October, Mr. D. N. Wadia from the 19th October 
till the 29th October and Dr. G. E. Pilgrim from the 30th October 
till the end of the year. Sub-Assistant H, M. Lahiri assisted the 
PalflBontologist with routine n.useum work and with the determina¬ 
tion of specimens till the first week of November when he left for the 
field. Sub-Assistant P. N. Mukerjce on his return from leave in the 
middle of November assisted the Palaeontologist with the above 
duties till the end of the year. 

Two new appointments to the post of Museum Assistant were 
filled by K. P. Haran and M. S. Venkatram in August and September 
1929 respectively. The former has resumed the work of cleaning 
and replacing labels in the large Klipstein Collection stored in the 
Invertebrate fossil gallery. The latter is engaged in routine work 
connected with palaeontology. 

Mr. F. E. Eamef, Palaeontologist to the Burmah Oil Company, 
visited Calcutta towards the end of the year, with the object of 
utilising the Survey fossil collections for the determination of mate¬ 
rial recently collected by the Company’s geologists. 

Mr. A. T. Hopwood of the Geological Department of the British 
Museum, whose deputation to India in order to revise the collections 
of fossil Proboscides was referred to in the last General Report 
{Rec, GeoL Surv Ind., LXII, p. 19), left Calcutta on May 9tb after 
just under six months’ work. He succeeded in completing his deter¬ 
minations of the Mastodontinae, which embrace nearly all the speci¬ 
mens from the Gaj to the Dhok Pathan horizon inclusive. The 
Stegodontinae and the Elephantinae have been only casually 
examined. These, however, are of less importance, as they are for 
the most part of Upper Siwalik age and the large collections from 
that horizon in the British Museum will supply almost all the material 
and information required. Mr. Hopwood is now engaged in writing 
a memoir on the group for the Palcpontologia Indica, The drawings 
required for this have been prepared in Calcutta and will shortly 
be ready for reproduction. 

In order to facilitate Mr. Hopwood’s comparison of certain 
Indian specimens with European types, casts have been made of a 
number of the specimens to be figured, and these as well as several 
duplicates have been sent to him at the British Museum. These 
will not be returned, but will be presented to the British Museum, 
who propose to present us with a set of casts of British Museum 
specimens by way of exchange. 


o 
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During 1929 the following memoir has been published in the 
PalcBontologia Indioa :— 

(1) H. Douvill^: ‘ Les Couches h Cardita Beaumonti dans le 
Sind.’ Fasc. I of Memoir No. 3, Vol. X of the New 
Series. 

The following papers of pal»ontological interest have appeared 
in the Records :— 

( 1 ) ‘ New Devonian Fossils from Burma,’ by F. R. (jowper 

Reed. (Vol. LXII, pt. 2 ). 

(2) ‘ The Permo-Carboniferous Succession in the Warcha Valley, 

Western Salt Range, Punjab,’ by F. R. Cowper Reed, 
G. de P. Cotter and H. M. Lahiri. (Vol. LXII, pt. 4). 

( 3 ) ‘ Note on the alleged occurrence of fossil eggs at Yenan- 

gyaung. Upper Burma,’ by C. T. Barber. (Vol. LXII, 
pt. 4). 

The following papers of palaeontological interest are in the Press, 
and are expected to be published in 1930:— 

PaloBontcdogia Indica. 

( 1 ) L. F. Spath: ‘ Revision of the Jurassic Cephalopod Fauna 

of Xachh.’ Part IV of Memoir No. 2 , Vol. IX of the New 
Series. 

( 2 ) B. Sahni: ‘ Revisions of Indian Fossil Plants: Coniferales 

(b. Petrifactions).’ Part II of Vol. XI of the New 
Series. 

(3) Lt.-CoL L. M. Davies, Ethel D. Currie, Helen M. Muii-Wood, 

L. R. Cox, L. F. Spath and J. W. Gregory: ‘ The Fossil 
Fauna of the Samana Range.’ Parts I to'VllI of Vol. 
XV of the New Series. 

(4) F. R. Cowper Reed: ‘ Upper Carboniferous Fossils from 

Tibet.’ Vol. XVI of the New Series. 

(5) F. R- Cowper Reed: ‘ New Fossils from the Productus 

Limestones of the Salt Range, with notes on other 
Species.’ Vol. XVII of the New Series. 

Records. 

(6) O 4 8. Fox: * Note on Cretteeous Cephalopoda from Kalsw, 

SouthtirD SlmQ States, Burma.’ 
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(7) J. W. Gregory, J. Weir, J. Pia, and F, Trauth: " Upper 
Triassio Foeeils from the Barmo-Siamese Frontier.’ 

Amongst the as yet unpublished papers listed above, in No. 1 
Dr. L. F. Spath concludes his revision of the Jurassic Cephalopoda 
of Kachh. 

In No. 2 Prof. B. Sahni concludes that portion of his monograph 
which deals with the fossil conifers of India with a comprehensive 
description of the known Indian petrifactions, of which the petrified 
woods arc referred to thirteen and the ovuliferous cones to three 
species, almost all new ; there are besides a number of specimens 
which are too imperfectly preserved for specific determination. 
The monograph includes the first fossil conifers to be described from 
Burma and the only petrified cones so far discovered in India. The 
last few pages of his paper summarize the known facts on the distri* 
bution of the group in India, Burma and Ceylon and on ilieir geologic 
cal history. While its existence in Lower Gondwana times is at any 
rate doubtful, it flourished during the Upper Gondwana period, 
apparently reaching its zenith in Jurassic times and declining during 
the Cretaceous. It is interesting to observe that during this period 
the occurrence of conifers is practically confined to peninsular India, 
Burma and Ceylon, and so differs entirely from that which obtains 
to-day. Professor Sahni is led to conclude from the fact that no 
record of a gymnosperm exists in the Tertiaries of India, with the 
sole exception of Mesetnbrioxylon $chmidianum from Southern India, 
that this group became practically extinct in this part of the 
world, and that the present coniferous flora of the Himalaya is a 
comparatively recent invasion from without. The important bearing 
which certain of the palseobotanical results elicited have on the 
stratigraphy and classification of the Gondwanas has been men¬ 
tioned in the last General Report {Rec. Ged. Surv. Ind.^ LXII, 
p. 28) and need not be repeated. 

A summary of the results of the work on the fossil fauna of the 
Samana Range, which is the subject of No. 3 paper, has already 
been given in the last General Report (p. 20). 

Dr. F. R. Cowper Reed’s memoir (No. 4) on the Upper Carboni¬ 
ferous fossils collected by the late Sir Henry Hayden during his last 
journey (1921) in Tibet, entirely confirms Hayden's correlation of 
this harjzpn, No definite Permian element is recognizable from any 
of ihp loofditips, nor do the typical species of the Productns limestone 
of tbp ^Mge occutv On the other hand the brachiopoda are 

P3 
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almost without exception known from the Upper Carboniferous of 
the Urals or parts of Asia and the prevalence of Schwagerina princess 
is strongly suggestive of the Uralian. 

A paper published in part 4 of the Records (Vol. LXII, p. 412 ei seq) 
by Dr. F. R. Cowper Reed, Dr. G. de P. Cotter and Mr. H. M. Lahiii 
gave the stratigraphical results of their expedition to the Salt Range 
early in 1928. No. 5 in the list deals with the palceontology. 
Complete lists of the fossil species now described have already 
appeared in the paper referred to. 

Dr. C. S. Fox’ discovery in the sandstones of Kalaw (20® 38' 16*'; 
96® 37'), in the Southern Shan States of Burma, of fossils which 
turn out to be of Cretaceous age, possesses considerable interest 
not only in itself but also because it produces a possible link between 
the Mesozoic formations of the Northern and the Southern Shan 
States; this is welcome evidence, since the field work as yet done ift 
insufficient for definite correlation. Dr. Fox deals with his discovery 
and the indications which it affords in a note published in the present 
part fp. 182 et seq)^ being No. 6 of the prospective papers quoted 
above. 

No. 7 contains the description of an interesting but small and 
badly preserved fauna, which Dr. G. de P. Cotter collected in 1921 
from the Kamawkala limestone in or near the Kamawkala gorge 
(17® 4'; 98® 25') of the Thaunggym river on the Burmo Siamese 
frontier (Rec. Oeol. Surv, Ind, LV, p 281). These specimens were 
examined by Mr. G. H. Tipper, who expressed the opinion that they 
were of Triassic age. The collection was recently sent to Professor 
J. W. Gregory who, with the partial collaboration of Dr. J. Weir, 
Dr. F. Trauth, Dr. J. Pia, Dr. Gyon Arthaber, Dr. L. F. Spatli, 
and Dr. Ethel Currie, has now finished the determination; the results 
appear in this part of the Recortls (pp. 165-181) under the names of 
the first four contributors mentioned. 

The corals include species of Siylina Slylophyllopsis Centrastran 
and McBand/rarcea. Th3 brachiopoda are all Rhynchonellidae referred 
by Dr. Weir to R. bambanagensis Bittner, R. aff, concordine Bittner, 
and R. cf. fissicostata Suess. A lamellibranch is only identifiable as 
Chlamyt sp. Finally a calcareous alga belonging to the family 
Oasycladacea and allied to Aciculella is made by Dr. Pia the type of u 
new genus and species, Holosporella siamensis. In addition the 
genera Diplopora^ Lovendpora, and Sphcerocodiuin have been recog¬ 
nized. There is a unanimity of opinion among the specialiete whp 
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have examined the fauna that it is undoubtedly Trias and probably 
Norian in age. 

In the last General Report it was mentioned that the collections 
made in recent years from the older rocks of the Kala Ohitta range 
in the Attock district had been sent to England for description. 
From a preliminary examination of the ammonites Dr. Spath has 
stated that the basal Giumal sandstone includes beds from the top 
of the Argovian and the Lower Klmmeridgian up to the base of the 
Cretaceous, while the Upper Giumal ammonites are Albian (Gault) 
like the Samana and Hazara forms. The fauna from the underlying 
Trias consists of brachiopods and lamellibranchs. The fossils be¬ 
longing to these groups, which also form a constituent of the 
fauna of the Giumals, have not yet been examined by Miss Muir 
Wood and Mr. L. R. Cox. 

During his visit to Afghanistan in 1908 the late Sir Henry Hayden 
made collections from the Fusulina limestone in the Bamian valley. 
These were referred to in Volume XXXVIII of the Records, p. 262 
and in Memoir, XXXIX, pt. 1, pp. 62-54. None of this fauna 
except the Fusulinidae has been worked out in detail. The re¬ 
mainder, consisting almost entirely of brachiopoda, has now been 
sent to Dr. F. R. Cowper Reed for description. 

A reference was made in the General Report for 1927 to a collec¬ 
tion of fossils made by Mr. R. D. Thompson from the Agglomeratic 
Slate series of the Bren spur near Srinagar, Kashmir. Tlie excep¬ 
tional interest of this fauna, differing as it does from the fauna from 
other localities in the same series described by the late Mr. 11. S. Bion 
(PaL Ind, New Ser, XII) induced me to ask Mr. (\ S. Middlemiss 
if further collections could be made from the same place. Tliis he 
has very kindly done, and the entire collection from the Bren spur 
including both Mr. Thompson’s and Mr. Middlemiss' specimens, 
is now being described by Dr. F. R. C. Reed. His preliminary ex¬ 
amination of it has disclosed the presence of Eurydesma cordafum 
and Mariiniopsis darwini. The fauna thus corresponds to that of the 
Lower Speckled Sandstone horizon of the Salt Range but contains a 
more varied assemblage of forms than those described by Wagan, 

During the past field season Mr. E. R. Gee made a small collection 
of fish scales ^m the I^wer Panohet beds of Kukhrakiu-i village 
(86® 68' 40*"; 23® 36' 65") south of the Damodar river in the Raniganj 
coal field. Dr. E. I. White of the Geological Department of the 
British Museum (Natural History) has been kind enough to examine 
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tliesa. but unfortunately reports that they are indeterminable with the 
exception of AnMypterus^ a genus which ranges from Carboniferous to 
Permian. 

Several small collections of Jurassic plants, many of which have 
been in the possession of the Department for a considerable time, 
have recently been sent to Cambridge, where Prof. A. C. Seward and 
Prof. B. Sahni propose to study them in detail. These are the 
following:— 

Plant remains collected by the late Mr. W. T. Blanford in 
Persia. They are possibly the ones from the north of 
Persia referred to m ‘ Zoology and Geology of Eastern 
Persia’, (1876), p. 50G. 

A collection made near Kirman by Mr. Q. H. Tipper and 
mentioned by him in Records, Volume LIII, p. 69. 

Collections made by Dr. J. Coggin Brown from the Rheetic of 
Yunnan and Sse-chu-an in China. 

Plants collected in 1921 by the late Captain Walker and 
Dr. G. de P. Cotter, either separately or jointly, from the 
Loi-an coal measures near Kalaw (20° 38' 15"'; 96° 37') 
in the Southern Shan States of Burma. The examination 
of these plants by Dr. Cotter clearly proved the Jurassic 
age of the coal, originally thouglit to be Tertiary, but 
later suspected by Mr. Middlemiss to be much earlier 
from their similarity to beds in the Northern Shan States. 
These plants were determined by Dr. Cotter as the 
following:— 

Cladophlebis denticukUa (Brong.), 

Oingkoites digitata (Brong.), 

PagiophyUum divaricalam (Bunb.), 

BfachyphyUum expansum (Sternb.), 

Ptilophyllum sp. cf. P. {non Otozamites) hislopi (Oldh.), 
Podozamites distans (Morris.), 

During the past year very few fossil sj)ecimens have been sent 
in from the field for determination and these call for no more than 
brief mention. 

Dr. C. S. Fox has just handed in for registration a number of 
fragments of a siliceous limestone which he collected in 1925 from 
loose boulders near Jamrud between Peshawar and the Khyber Pass. 
These are full of badly preserved braohiopoda which Mr. G. H. 
Tipper thought afforded some indication of a Devonian age. 
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A few proboscidean teeth were collected by Mr. B. B. Gupta 
from the lowest beds of the Irrawadian series at two localities in 
the Shwebo district of Burma. The first is one mile W.8.W. of 
Aukyedwin (22° 62' 30'; 94° 50') and the second one mile and 
three furlongs N.N.W. of Taungbyinnge (22° 50' 30'; 94° 49' 20'). 
Two of the specimens from the first locality have been referred by 
Mr. Hopwood of the British Museum to the genera, Mastodon 
(Tetralophodon) and Stegolophodon, respectively. 

A few poorly preserved fossils of Pegu age were collected by Mr. 
Sondhi at two localities in the Shwebo district. They consist of 
casts of gastropods and of Balissa sp. cf. kodaungensis in one case 
and of Balanus sp. with TurriteUa sp. and Balissa sp. in the other. 
The second locality is | mile south-west of Male (23° 1' 15'; 95° 58' 
1§') while the first is in Latitude 23° 58', Longitude 95° 58' 30'. 

Mr. C. T. Barber discovered a fossil leaf bed in the Irrawadian 
approximately 100 feet above the Red Bed in Outer Berne, and 
a rhinocerotid tooth, said to come from the Pegu rocks of eastern 
Khodaung, both in the Yenangyaung oilfield of Burma. 

In the Southern Shan States Dr. J. Coggin Browi^ reports the 
occurrence of fossiliferous rocks of Naungkangyi (Ordovician) age, 
containing brachiopods and fragments of trilobites near Sale (20° 
48^ 97° 1') and Ye-o-sin (20° 53' 39'; 96° 42' 15'), of Permo- 
Carboniferous limestones with LyUonia^ sp. and cliaiophyllid corals 
near Nyaungkaya (20° 54'; 96° 46' 30') and of Fusulina limestones 
near Pindaya (20° 66' 45' ; 96° 42' 16'). 

On the eastern flanks of the Mawson dome, Southern Shan 
States, phacoidal, argillaceous limestones, containing abundant spe- 
(iiinens of Orthoceras sp, and probably of Ordovician age, are common. 

Still fewer in number and of less importance are the donations 
to the Department, with one exception, which indeed may be said 
to represent one of the most valuable accessions to our palaeonto¬ 
logical collections from an outside source for many years. This 
consists of the major part of a very large collection of Cephalopoda 
made from the Cretaceous beds of Southern India by the late Dr. 11. 
Warth and handed over to the museum in Madras about 40 years ago; 
it comprises over 200 specimens. 'Of these 103 were figui^ or de¬ 
scribed by Dr. F. Kossmat in his monograph, entitled * Untersuch- 
ungen fiber die Sfidindisohe Kreideformation' [BeHr, Pal. «. Oeol. 

^ Kiiuliy determinied by Dr. SUnley Smith of Briilol UaiTMi^y. 
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Ost.-Ung., Vol. IX, (1896), pp. 97-203 and Vol. XI, (1898), pp. 1-162]. 
These have been exhibited in the Madras Museum for many years. 
Of the remainder 16 were figured or described by Dr. E. Spengler 
in his paper ‘ Die Nautiliden und Belemniten dee Trichinopolidistriktee ’ 
[Beitr. Pal. u. Oeol. Ost.-Vng., Vol. XXIII, (1910)] and 32 by the 
same author in his ‘ Nachtrage zur Ober kreidefauna des Trichinop- 
olidistriktes in Sudindien ” [Beitr. Pal. u. Geol. Ost.-Vng., Vol. XXVI, 
(1913)] and have been in Vienna until recently. 

The question of the transfer of these to the Geological Survey of 
India arose out of the recent return to Calcutta of the collections 
from the Cretaceous of Assam described by Dr. E. Spengler in 
‘ Contributions to the Palaiontology of Assam ’ [Pal. Ind., New Ser., 
Vol. VIII, Mem. 1, (1923)] together with a few of Stoliczka’s figured 
specimens ‘ Cretaceous Fauna of Southern India,’ [Pal. Ind., Vol. 
II, (1867-68)] and others which he did not figure. These have been 
in Vienna for some time. 

The transfer of the fossils from the Madras to the Indian Museum 
was effected in accordance with a resolution adopted by the Indian 
Museums Copference in 1907 that types belonging to Provincial 
museums should be placed in the Indian Museiun, Calcutta. The 
Geological Survey have presented the Madras Museum with about 
100 duplicates from the Cretaceous of Southern India representative 
of the fauna, to replace the types and figured specimens in the 
museum galleries. 

The Director of the Burma Forest School, Pyiumana, sent some 
fossils collected in the Myinbin Reserve, from a locality lying in the 
area mapped as Pegus by the late Captain F. W. Walker. These 
were identified by Mr. H. M. Lahiri as Cyrcna (Batissa) cf. kodaung- 
ensis Noetl., Cyrena (Batissa) sp., and some fossil wood. 

Two badly preserved specimens sent for identification by the 
Honorary Secretary of the McMahon Museum, Quetta, were pro¬ 
visionally referred by Mr. Wadia to Natica and Plicatula. 

During the year presentations of fossils were made to the following 
institutions;— 

The Intermediate College, Mysore.—k collection of 30 fossils 
from various geological horizons. 

The Dow Hill Orris’ School, Kurseong.—k small elementary 
collection of fossils illustrating the various groups in 
the animal kingdom. 
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The Hindu University, Benares.—X large collection of fossils 
representative of the following faun»: (1) the Tertiaries 

of Burma; (2) the Tertiaries of Sind; (3) the Cretaceous 
of Southern India; (4) the Trias of the Himalaya; 

(5) the Palaeozoics of the Shan States, Burma. 

The British Museum {Natural History), Geological Department .— 
About 100 specimens of fossil Proboscidean teeth from 
various horizons and 44 plaster casts of fossil Pro¬ 
boscidean teeth, most of which have been already figured 
or will be figured in Mr. Hopwood’s memoir. 

The Central Museum, Madras. — X collection of 160 specimens 
representative of the fauna of the Cretaceous of Southern 
India. 


In response to requests for a cast of the holotype skull of Hydas* 
pitherium megacephalum Lydekker, from Professor W. D. Matthew, 
of the University of California, Berkeley, and for some figured 
specimens of Sivapithecus from Professor J. W. Gregory of the 
University of Glasgow, and from Dr. W. K. Gregory of the 
American Museum of -Natural History, New York, these were execut¬ 
ed and despatched to their respective addresses. 

Mention was made in the last General Report (p. 158) of the 
reported discovery by Dr. R. Van V. Anderson, Menlo Park, Cali¬ 
fornia, of dicotyledonous leaves in shale belonging to the upper part 
of the Saline series in the Khewra gorge of the Salt Range, Punjab. 
In view of the importance of such a discovery, which, it was claimed, 
placed the age of the deposits as not older than Lower Cretaceous, 
Dr. Anderson was asked to allow us to see his specimens. He was 
kind enough to send his best specimen, but, perhaps due to friction 
during transit, the specimen, when it arrived, was not determinable 
in this Department as of organic origin. It is hoped that photo¬ 
graphs may have been taken of the specimen before it was despatched 
through the post. Mr. Gee collected from the same locality nume¬ 
rous specimens with markings of what may or may not have 
been vegetable or animal remains, but none of his specimens 
was determinable. Since then he has discovered nummulites 
in beds which, there seems good reason to believe, belong to 
the Saline series. If the iudigenity of these beds is confirmed, 
the long disputed question of the age of the Salt marl will be 
definitely solved. 
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MINERALOaV. 

In response to a request from Professor J. Jakob of the Minera- 
logisch-Petrographisches Institut, Zurich, a specimen of piedmontite 
twm Kajlidongri, Jhabua State, Central India, presented some years 
ago by Mr. H. J. Winch, was supplied for analytical investigation. 
The Jesuit is as follows :— 


Per cent. 

SiO,.35-57 

TiO,. 0-00 

AlgOa.18-27 

Fe,Oj. 7-06 

FeO. 0 00 

Mn^O,.12-43 

AfnO. 2-94 

MgO. 0-90 

CaO.19-53 

Na,0. 1 14 

K^O. 0-87 

HjO ( + 110°). 0-85 

H,0 ( - -110‘^). 0-38 


100*00 

Dr. Fermor has described under piedmontite' several Indian occur¬ 
rences, without distinguishing between piedmontite (4-ve) and man- 
gan-epidote (~ vc). Judging from the proportions of iron and 
manganese oxides the specimen analysed was a true pu^dmontite. 

Mention was made in the previous Annual Report (p. 134) of 
the discovery of duraortierite at Mogra and Girolu on the southern 
edge of the Sakoli sheet. Dr, H. K. Chatterjee has since separated 
and submitted to analysis the dumortierite with the following result:— 

Per oent. 


SiOt. 29-78 

AljO,. 63-39 

Ti^O,. 0-18 

B, 0 ,. 6-49 

Pe,0,. 0-26 

FeO ... . trace 

MnO . M 

OaO.abaent 

MgO. 

M,O( + 110'^). 0-96 

HgO (—110°). 0-04 


100-10 


1 Mem. CM. Swrv. Ind., XXXVII, p. 186. 
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The specific gravity is 3*27 and the hardness 7 ; the refractive 
indices are :— 

x=:l*678 (deep lilac) 
y=1*686 (ci^ourless) 
z=l*685-l-0*002 (colourless). 

Dr. Chatterjee also records the discovery of roecoelite or vanadium 
mica. This occurs aa olive-green flakes in pegmatite and related 
quartz veins, and also in association with the adjoining kyanite- 
bearing rocks of the Sakoli tahsU. 

International Geological Congress. 

The 15th International Geological Congress was held at Pretoria 
in South Africa in August 1929. Dr. Fermor, who, whilst on leave 
in England, was deputed to attend this Congress as the representative 
of the Government of India, arrived in Cape Town on the 15th July 
and sailed again on the 6th September. During his stay in South 
Africa, he was able, in addition to attending the meetings at Pretoria, 
to take part in excursions held before and after the Congress for the 
purpose of studying the chief geological features and mineral deposits 
of the country. Before the Congress, he took part in excursions to 
the Kimberley diamond mines and the Witwatersrand gold mines, 
as well as studying typical exposures of the Dwyka conglomerate 
and glaciated pavements in the neighbourhood of Norntgedacht, 
near Kimberley. During the session at Pretoria excursions were 
made to the Kustenburg platinum mines, the alkali syenites of Pilans- 
berg and Franspoort, and the Premier diamond mine, as well as 
in the neighImurhood of Pretoria. After the Congress, Dr. Fermor 
joined the excursion to Southern Rhodesia, visiting a selection of the 
mines of chromite, asbestos, gold and coal of that country, and also 
some of the occurrences of Archsean schists. Leaving this excursion 
at the Victoria Falls, he tlien joined an excursion to Northern Rhodesia. 
A visit was paid to the Rhodesian Broken Hill lead-zinc mine and to 
the copper mines and deposits of Bwana-Mkubwa, Nkana, Roan 
Antelope, and Mufalira. This excursion went as far as Elizabethville 
in the Belgian Congo, where a brief visit was paid to the Star of the 
Congo and Ruashi copper mines. On the return journey to Cape 
Town, Kimberley was revisited and thence a visit was made to the 
recently discovered manganese ore-deposits of Postmasburg. Dr. 
Fermor has returned from South Africa impressed with the magnitude 
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of her resources in diamonds, gold, platinum, copper, manganese, 
chromite, asbestos and coal. The reserves of copper-ore already proved 
in Northern Ehodesia are particularly striking. Some 39 different 
countries were represented in the Congress, and the geologists from 
abroad were grateful for the excellent arrangements for their visit made 
by their South African confreres, and for the hospitality generously 
extended to them by numerous mining companies. Dr. Fermor has 
brought back a large collection of specimens illustrating the mineral 
deposits and geological features of the places visited; amongst these 
mention may be made of rare zinc minerals from Broken Hill, eclogites 
from the Kimberley region, and specimens illustrating the geology 
of the copper deposits of Northern Rhodesia. 


Dhalbhufti, Bihar an^ 
OrUsa. 

veins have been 
Dr. Dunn found 
proximity to a 


ECONOMIC ENQUIRIES. 

Apatite. 

In Dhalbhum, on either side of the copper belt, there are innu* 
merable veins of chlorite-apatite-magnetite-rock [see also Rec. Oeol. 

Surv. Ind., L, p. 14, (1919)]. Where magnetite 
is absent and almost pure apatite present the 
veins have been mined. Several such large 
worked in recent years south of Jamshedpur, 
them all associated with chloriteschist in close 
tongue of granite-schist. He has assumed 
that the phosphates are genetically related to the originnl 
granite. Some such veins are also associated with inclusions of 
chlorite-schist in the granite-schist. These ‘ inclusions ’ evidently 
have a complex history and may represent completely myloniscd 
and chloritised zones of granite. The apatite veins are in a sense 
true segregations ; there are all gradations from chlorite-magnetitc- 
schist through chlorite-magnetite-apatite-rock and chlorite-apatite- 
rock to apatite-rock. In Dr. Dunn’s opinion the phosphate and 
fluoride solutions, products of the granite intrusions, reacted on the 
chlorite-schists. He believes the lime of the epidote gave rise to the 
apatite, and that this mineral, with the chlorite and magnetite, was 
subsequently segregated into lens-shaped veins. Later shearing 
and thrust movements have sheared, disjointed, and (xmtorted these 
veins. The largest vdn, that of Eudada (22‘’42'; 86°13'), is 300 yards 
long and 10 feet wide. 
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Asbestos. 


Dr. Dunn recorda small deposits of tremolitic asbestos, in an 
altered basic igneous rock, at Manpnr (22® 36'; 86® 16') and Digarsai 
(22® 36'; 86® 14') in Dhalbhum. The asbestos 
Ortoiu^****”*" ®****“’ ig short-fibred rather brittle material. None 
of the occurrences is of economic importance. 
Asbestos of the slip-fibre type was found by Mr. M. Vinayak 


Sskm 

Madrat* 


Rao at the southern extremity of the magnesite 
deposit in the Chettichavadi jaghir, Salem 
district, Madras (g.v.). 


Bauxite. 


On the top of the Jogi Tilla escarpment of the eastern Salt 
Range, Punjab, a bed of pisolitic bauxite in association with the 


Jhahim Dlalrlct, Pan* 
Jab. 


basal laterite of the Nummulitic series is re¬ 
ported by Mr. Wadia. The mineral occurs as 
a clean, brown or buff cap, passing gradually 


into pisolitic laterite. The percentage of AI 2 O 8 is 63-1. 


Building Materials. 

The abutments of the bridges of the Mogaung-Eamaing road in 
til-' Myitkyina district of Burma are built either of limestone or of 
serpentine. Quarries for both these materials 
Burmal'^* *****^**’ have been opened up in the Hhakon Hka 
(Sheet 92 C/ll) about f mile west of the first 
bridge in the 22nd mile of the road. Dr. Chhibber, at the request 
of the local officials, examined a nrimber of rooks which it is proposed 
to use for road metal in the Mogaung subdivision. In his opinion 
the crystalline schists of the Sawngching Hka (25° 19' 23' ; 96® 44' 23'), 
of Namti (26® 21' 60' ; 97® 16' 23') and of the Wolai Hka (25° 8' 
36' ; 96° 40' 18'.) are the most suitable; after these come the 
serpentines of Pidaimg (26° 25' 26'; 97° 15' 2'), at the 16th 
mile on the Hopin-Nampadaung road and the 22nd mile on the 
same road. The softer Tertiary sandstones should only be employed 
when the harder rocks are not available. 

In the neighbourhood of Eyauksegan (22° 57'; 96° 39' 30'), 
Shwebo district, Burma, Mr, Sondhi reports that laterite is found 


Sliweb* 


in the Irrawadian sand^ near their junction 
PisMct, alluvium. The sand is rich in small 

feiTuginoiia concretions, and the laterite appears 
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to have originated by cementation of the residual accumulations of 
thes^ concw^oiw. The rock does not fon)i a continuous bed of 
regular thickness but occurs in, a haphazard manner, having any 
thickness np to twelve feet. It is ex^tensively quarried north of the 
above named village on behalf of the Public Works Department, and is 
used for facing canal embankments and in bridge construction. 

Basalt is quarried for use as road metal at Wetpyu Taung 
(22® 49' ; 95® 11'). ’JThe ro<?k cuts through the Irrawadian sand and 
stands in a dome-shaped hill half-a-mile in diameter with a height of 
over one hundred feet. It is one of the best road metals of the dis¬ 
trict but has the disadvantage of having to be transported by bullock 
carts for about 20 miles before it can be put to any use. 

Large lenticular masses, of some hundred yards linear e;itent, 
of pure white coarsely crystalline marble are frequent constituents of 
the Salkhala series of Kaghan in the Hazara 
Olstricf, the Punjab and of its southern con¬ 

tinuation into the Balgran area of the 
Muzaffarabad district, Kashinir. Mr. Wadia remarks that this marble 
would be a much-valued ornamental stone but for its remoteness 
from any considerable centres of population. 

Chromite. 

In addition to the occurrences of chromite found in association 
with the peridotites and serpentines of the Jade mines region of 
Upper Burma and mentioned in the General 
Myitl^na District, 1928, Dr. Chhibber has found blocks 

and bouldera of chromite during the present 
season at the foUqwing additional localities:— 

(1) In a tributary of the Pang Hka, nearly one mile W. N. W. 

of Mahok (25® 44' 8" ; 96® 22' 63'). 

(2) Near the old jadeite working of Pangmaw (25® 44' 53' ; 

96® 20' 64'). 

(3) On the track from Namshamaw (25® 45' 31' ; 96"' 22' 28') 

to Mawsitsit and also in the neighbourhood of Wayut- 

maw (26® 45' 42'; 96® 21' 38'). 

(4) In the Nanjo Hka, about 6| furlongs nori^ of Sauhka (25® 

41' 8'; 96® 20' 67') where chromite boulders are associated 

iprith a yolcaw brecoa. 

(5) In the Tertiary* oonglomen^ of Pangmamaw, east of Kansi 

(26®^ 47' l';96® 22' 48'). 
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In no case was the mineral abundant enough to be worth exploita- 


Chromite was observed by Mr. M. Vinayak 
Rao occurring at the northern extremity of 
DJitrici, magnesite deposit of the Chettichavadi jojAir, 
Salem district, Madras. 

Small segregated pieces of chromite were found by Mr. Wadia to 
occur near Bhunju village, Kaghan valley, Ha^ra district, Punjab, 
Hama Dlitrlct, Pyn- in & dense black hyperite, formed probably 
during local differentiation of the dolerite dykes 
which are of common occurrence in this locality. 


Coal. 

Two thin seams of shaly coal were found l»y Mr. 13. B. Gupta 
in beds belonging to the Yaw stage in the Do Chaung, about three 
miles west of Anauktaw (22*^ 50' ; 94° 42' 30'') 
^ Upper Chindwin district of Burma. 

The total thickness is only about feet and 
the material is of no economic importance. 

According to Dr. Chhibber coal occurs in the Namjan Hka, a 
little west of its confluence with the Hlainnawng Hka or about 2^th 
miles N. N. W. of Namyong (25° 40' 31"; 96° 
26' 17') in the Myitkyina district of Bunna. 
There are five seams in all, but only one, the 
westernmost, is of good bituminous quality ; it is about a foot thick. 
The others are impure and merge sometimes into black carbonaceous 
Bhales. The coal is intercalated in very finely bedded, rather laminat¬ 
ed, black carbonaceous shales and sandstones which, close to the coal 
seam, bear unidentifiable plant impressions. The beds dip to the 
west at about 75°. A sample from the best seam was found to be 
non-caking and was analysed with the following results:— 

Per oeot. 


MoiRtare 7*31 

VoUtilo matter. 19-98 

Fixed carbon.37-81 

Aeh. 34 90 


In the same stream, near its junction with the Hpakan Hka thin 
seams and small pockets of bright coal arc interbodded with finely 
bedded sandstones and black carbonaceous shales, dipping at 68® in 
a direction W,S.W4 
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About two-and-a-half miles W.N.W. of the village of Thin- 
baungga (22° 62' 30''; 96° 69') in the Shwebo district of Burma, a 
seam of coal occurs in a soft sandstone of the 
D*»trlct, irra^adian series, at the crest of an anticline, 
and dips E.N.E. at 18°, according to Mr. 
Sondhi. The coal bed is about two feet thick, but the greater part 
consists of a highly carbonaceous shale with streaks of coal and 
specks of dark brown resin. The bed is broken by small dip faults 
with short down-throws to the south. It was worked in a small way 
a few years ago, but its quality and the quantity proved underground 
did not justify the continuation of the operations. A few entrances 
to the deserted shafts are still visible. A mile-and-a-half to the north, 
pockets of coal are exposed in the sandstone of the Kodaung Chaung 
and are freely mixed with pyrites. 


Copper. 

Dr. J. A. Dunn surveyed the eastern section of the Singhbhum 
copper belt during the field season. His studies lead him to the 
conclusion that the Archsean fold movements 
Blhtr ^ intense shearing in which 

were formed the copper lodes of Dhalbhum, 
In the vicinity of the epidiorites, which formed a buttress against 
these movements, the schists were sheared over a narrow zone and 
well-defined planes of dislocation formed. Where, however, there 
was no buttress of epidiorite, the thrust movements were taken up 
by shearing and contortion and well-defined fissures are more or less 
absent. Hence, the copper-bearing solutions found the fissures 
the most favourable channels for ascension and deposition, and thus 
the most valuable lodes originated. Of the 70 odd miles' of tlio 
copper belt which have so far been examined by Dr. Dunn only 12 
miles seem worthy of attention. He considers that of this 12 miles 
there are only four places which are likely to have a profitable future. 
There may of course be small impersistent lodes outside these 
areas, but they are not likely to be of much consequence. 

The copper lodes occur in different types of country rock. At 
Nandup they are found in a chloritic schist, at Rakha mines and 
Chapri in mica-schist, at Kendadih and Surda bi^tween mica-schist 
and quartzite. In th^ vicinity of the lodes, biotitic and chloritic 
schists often appear to h^ve beep oopverted to sericite-schists. The 
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Mushabaiii lodes occur in sheared zones within granite-schist, whilst 
the adjacent lodes of Dhobani are apparently within a curious type 
of biotitic schist. The Dhobani lodes are probably among the largest 
in the belt. 

At Mushabani shear zones in the granite (granitic schist) vary in 
width from a few inches up to 30 feet. Although these shear zones 
determine the real width of the lodes, the heavily mineralised part of 
the lodes are usually much narrower. The workable lodes are charac¬ 
terised by a solid vein of chalcop 3 rrite and pyrrhotite, usually about 
9 inches wide but varying up to 2 feet, in partially mineralised countr\’ 
rock. Along this mineralised zone the original granite has been 
completely altered to a biotite-chlorite-quartz-schist, but there is 
every gradation between this and unaltered granite; ‘ horses ’ of 
granite are also often met with in the lode. There are at least two 
large lodes at Mushabani, converging towards the north, and there are 
also several small lodes to the east and west which may be worth 
working later. The metallic minerals present are chalcopyrite and 
pyrrhotite. The presence of the latter necessitates the removal of a 
rather high nickel content in the subsequent milling and smelting of 
this mixed ore. 

About half-a-mile E.S.E. of Thegon (20° 42' ib'' ; 96° 52' 15"), 
which is itself one mile south of Heho, a station on the Southern 
Shan States branch of the Burma Railways 
BurmSl^” States, lower western slopes of the main 

Heho range, there is a small patch of ground 
with no rock tn situ but which is, according to Dr. Coggin Brown, 
strewn with small pieces of crumpled and bleached slate and pieces of 
quartz bearing stains and films of malachite. The rare occurrence 
of pieces of slag indicates ancient small-scale metallurgical operations 
in the vicinity. 


Engineering and Allied Questions. 

When he visited the town of Prome in Burma in connection with 
the water supply of the civil station, Mr. E. J, Bradshaw was invited 
to inspect the sites of certain bungalows on 
Pi’om* Prome hill and to give an opinion on their 
stability since, owing to the subsidence of the 
foundations, serious cracks had developed in them. The bungalows 
gre built on steep apd narrow spurs composed of alternations of beds 

P 
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of shale and sandstone with dips of 27® to 30®, Mr, Bradshaw con¬ 
cluded that the trouble is due to surface creep and that the piece-meal 
descent of the superficial ground is inevitable. Attempts to support 
the hill-side by small retaining walls or local sheet-piling are doomed 
to failure and, while it would be possible to reduce the slip by an 
extensive system of concrete drainage-facing, the cost of adequate 
measures would probably be several times greater than the cost of 
the bungalows they were designed to protect. 

In compliance with a request from the Chief Engineer, Public 
Works Department, Burma, Mr. V. P. Sondhi was deputed to examine 
the proposed site of a quarry for road-metal at 
DlSrlcT^Buroia Shansikangon, about half-a-mile north of the 

14-mile-3-furlong post of the Thazi-Taunggyi 
road. Mr. Sondhi found that the rocks of the site consist of granite- 
gneiss, biotite-schist, and quartz-porphyry. In his opinion the last 
named is the best for road metal purposes whilst it and the finer 
grained granite-gneiss are present in sufficiently largo quantities to 
justify the establishment of a quarry. 

A proposal having been made to establish a large jail-worked 
quarry near Shwedwin (19® 52' 48^ ; 96® 15'), a village about three 
miles east of Kyidaunggan station on the 
Rangoon to Mandalay, and the 
Roads Committee having requested that 
geological opinion should first be obtained, Mr. E. J. Bradshaw was 
deputed to undertake the duty. The primary purpose for which 
the rock is required is that of road-surfacing metal for the mainte¬ 
nance of some 100 miles of the new Rangoon-Mandalay trunk road. 
Mr. Bradshaw concluded that the area is entirely suitable for the 
purpose. It contains two dominant rock types whose chief macro¬ 
scopic difference is one of texture, each being a light grey biotite 
granite. He recommended that the quarry should be located at an 
outcrop of the finer variety of the rock, of which there is an enormous 
and practically inexhaustible supply, and which possesses the added 
advantage of being actually in sight and free from overburden. 
Although granite is not an ideal road metal, since both its ‘ tough¬ 
ness ^ and ‘ cementing value ’ are usually low, it nevertheless 
ranks fairly high and, in the present case, the fine-grained variety 
is sufficiently tough to be satisfactory and is probably more suitable 
for the purpose than any other rock to be found in the neighbour¬ 
hood, 
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A site for a proposed dam in the Tungabhadra river, Bellary dis¬ 
trict, Madras, was selected by Mr. Vinayak Rao in March 1927. 

The site was again examined in October 1929 
BeuSII? dIS”. Mirill! borings and trenches had been sunk. 

The barings, inches in diameter, were taken 
down to a depth of about 83 feet, the rock pierced being mostly a 
hard chloritic schist with thin veins of calcite. JointR were observ¬ 
able down to a depth of about 50 feet. Samples of the cores have not 
yet been received, but the rock appears to be quite suitable for the 
foundations of a large dam. Further shallow trenches are required to 
show the contacts between the diabases, chloritic schists and other 
types of rook met with. 


Qolda 

The more import/ant localities, between Pantiii and Mamon 
(25° 35' 10''; 96° 15' 57") in the Myitkyina district of Upper Burma 
where detrital gold is obtained by washing, 
OUtrict, referred to in last year’s General Report. 

In addition, the following places were record¬ 
ed by Dr. H. L. Chhibber during the present season :— 

(1) The Uru river near Lonkin (26° 39' ; 96° 22'), 

(2) The small stream passing by the east Lonkin village, 

(3) The island in the Uni river, opposite the village of Lasa 

(25° 38' 57" ; 96° 21' 26"), 

(4) The Mawsisa chaung, the first important stream crossed on 

the way from Lonkin to Hpakan (25° 36' 38' ; 96° 18' 40"), 

Gold is said to be washed from the sands of the Pettok chaung 
near Linlu (22° 46' ; 94° 30' 30") and Pettok (22° 46' 45" ; 94° 31' 
30") and also from the Shwegyin chaung, about 

swJb'ToSSSS”.™.'! H mil* «l Kyaukkedet (22' 67' 30' ; 81' 

43' 30"). These occurrences are on Sheet 84 J/9 
of the one-inch survey of Burma, in the Upper Chindwin district. 
On Sheet 84 J/13 small amounts of gold are, according to Mr. B. B. 
Gupta, recovered from the following streams : the Ngakuaing, Auk, 
M)rindingaw and Teon chaungs. The gravels do not appear to be rich 
as the workers only recover £rom 4 to 6 annas worth a day each. The 
met^ is also foimd in the Thitsebingwe chaung, east of Taungbyingge 
(22° 60' 30^; 94° 49' 20"), the Nyaungthabye chaung, north of 

i>2 
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Pyaw (22® 66'; 94® 62' 30^. The two latter localities are in 
the Upper CJhindwin district and the remainder in Shwebo. 

The occurrence of minute particles of gold was reported by Mr. 
Sondhi, in the last General Report, from the Irrawadian sand-rock in 
Sheet 84 J/14. In the north-eastern extension of the same series, 
covering Sheet 84 N/1, goldwashing is carried on in the villages 
of Kandawtha (22® 48'; 95® 1' 20'), Ingjd (20® 61' ; 96® O') and 
Kinbin (22® 66' 30' ; 94® 4' 30') during the rainy months when water 
is available in plenty for the purpose. Very fine particles appear to 
be disseminated throughout the sandy formation, but most of the 
washing is done in or near the Ingyi and Sawme diaungs. In the 
neighbourhood of Mezadaw (22®^67' ; 96® 55') in sheet 84 N/13, gold 
is washed in a small way from the same series but the size of the 
particles recovered here is larger. 


Iron. 


Heaps of iron slag were noticed in the following localities in the 
Upper Ohindwin and Shwebo districts of Burma:—(1) three miles 
(a) Upper Chindwln furlongs south of Kyaukkedet (22® 57' 

and Shwebo Districts, 30'; 94® 43' 30') on Sheet 84 J/9, and (2) four 
miles south-east of Aikywa (22® 48' 30'; 94® 
53') on Sheet 84 J/13, Mr. B. B. Gupta believes that the ores for 
the furnaces came from the local Irrawadian rocks which contain 
streaks of ferruginous sandstone as well as concretions of iron ore. 

Three occurrences of iron ore in the Myitkyina district of Burma 
were described in last year's General Report.. 
(h) Myitkyina District, ThJg additional outcrops were observed 

by Dr. Chhibber 


(1) On the left bank of the Sanhka chm/tui (92 C/6), where it. is 

crossed by the Lonkin-Kansi road. 

(2) Near Lama or Mabaw village (25® 42' 22'; 96° 21' 16'), 

forming a hard crust almost devoid of vegetation ; a 
good section of the ore is seen in the Mabaw Hka, near its 
confluence with the Urn river. 

(3) At Namshamaw (26° 45' 31' ; 96° 22' 28') where fantastir 

concretions of iron ore occur as strings and patches in the 
red earth. 

(4) On hill ‘1380’ (92 C/6), on the way to the Ranhka^hka- 

taungya, and also near a small marsh west of the north 
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Sanhka village on the way to tbe^Siau Buui; in the latter 
locality boulders of iron ore, in^ places lateritic in appear¬ 
ance, are associated with the Mabaw siliceous agglomerate, 
and are seen lying on the surface, where the red earth 
forming the matrix^has been enriched in iron content and 
consolidated. 

(6) In a small^water-course in the neighbourhood of the old 
workings of Pangmaw, about 80 paces N.E. of the Pang 
Hka, where it is crossed by the Meinmaw-Namshamo 
path (92 C/6), 

Large quantities of iron ore were discovered in 1928 by the 
officials of the Burma Corporation, Limited, in the vicinity of Usong- 
ke (22*^ 26'^20^ ; 97°^37')^about 30 miles south- 
Sufei, Hsipaw, the capi^ of the State of the 

same name in the Northern Shan States of 
Burma, and Dr. Coggin Brown visited the locality towards the end 
of the year with Mr. Hogan Taylor, the General Manager of the 
Corporation. The largest deposit is on Loi Leik Long, high ground 
upwards of 3,000 feet above sea-level some four miles E. N. E. of 
llsongkc as the crow flies. Similar but smaller deposits exist on other 
hills in the vicinity known to the Shans as Loi Leik Awn and Loi 
Kyawng respectively. By means of systematic pitting and tunnell¬ 
ing the engineers of the Corporation estimate that they have devel¬ 
oped the following tonnages of ore :— 

'i'oilB 

. . . 1,245,000. 

. . . 240,000. 

« • • 76,000. 

Total . . 1,666,000. 


On Loi Leik Long alone 236 pits, having a total depth of 6,384 feet, and 
7 tunnels with a total length of 1,392 feet were made. After inspect¬ 
ing the more important of these Dr. Coggin Brown concluded that 
there are undoubtedly very large quantities of iron ore available, far 
exceeding in siae any other deposit that be has seen in the Shan 
States. 

The whole of the surrounding country is built up of Plateau lime¬ 
stone with its oharaoteristio valleys of enclosed drainage and the ores, 
whioh are mainly limonite or mixtures of limouite and gothite, passing 


Lui Leik Loug 
Loi Leik Awn 
Lui Kyawng 
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occauonally into hard hsematite, are of residual origin. In this they 
reaemble the other occurrences of the Shan plateau.^ In some of the 
pits and trumels on Loi Leik Long the ore has not been bottomed and 
it is still uncertain whether, in addition to the normal deposits of resi¬ 
dual origin, some replacement of the underlying irregular limestone 
floor has not taken place. From a chemical point of view the ores 
are of much the same composition as the better grades of ironstone 
from the Naungthakaw and other deposits at present rmder exploita¬ 
tion by the Corporation. 

The Palaeozoic limestones of the States of Poila, Pangtara and 
Mawson in the Southern Shan States of Burma are generally covered 
with thick residual deposits of ferruginous clay 
Stales, which pisolites and small concretions of iron 
ore of a limonitic character are often present. 
Hard surface accumulations of iron ore of no great extent occur, 
according to Dr. Coggin Brown, on the western slopes of the Mawson 
highlands, east of Te-thun (20° 68' 15* ; 96° 46' 30*). Ironstone 
concretions of a larger size than usual occur in the surface deposits at 
the foot of the Taimggyi ridge about miles ‘ 96 ’ and ‘ 96 ’ of 
the Kalaw-Taunggyi road. (20° 47' ; 97° 1' 2*). 

Jadeite. 

As a result of his work in the Jade Mines region up to date, Dr. 
Chhibber concludes that there are at least four jadeite dykes, con¬ 
taining very large reserves of this mineral, 
Bunna!^^*"* and intrusive into peridotites and serpentines. 

These he has named the Tawmaw, Meinmaw, 
Pangmaw and Namshamaw dykes respectively. 

On the Tawmaw dyke, in addition to the well-known mines of 
Kadondwin and Dwingyi at Tawmaw itself, the three outcrops of 
Sarmamaw, Malinkamaw and Sanhka Dka-maw referred to last year 
are situated. It seems probable that the outcrop at Dareemaw 
(25° 43' 56' ; 96° 18' 35'), visited this season, is situated on the same 
dyke. Another probable outcrop of jadeite lies north-west of Mein- 
maw (25° 44' 24' : 96° 20' 40'), on the path which connects that 
village with the old Kansi-Tawmaw path, for several boulders of 
albite {jahm) were found lying round the pit; the Kaohin miners 
apparenlily did not reach ^e jadeite underneath. 

Brown. * Iron Ort Deposit! of the Northern Shan States/ Ru, QmA, Swrv, 
Jnd.,l3j,pp. 
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On the Meinmaw dyke are situated the outcrops of Shammomaw 
(26° 43' SO'' ; 96° 20' 40'), Meinmaw and Sharoinawngmaw (25° 44' 
69'; 96° 20' 40'). This dyke runs north and south for about 
miles. 

The third dyke with a N.W.-S.E. strike bears the outcrops of 
Pangmaw (26° 44' 63' ; 96° 20' 54'), Wikhumaw and Kyobatmaw. 
The old workings of Pangmaw lie about 80 paces north-east of the 
Pang Hka, where it is crossed by the Meinmaw-Namshamaw path, 
Wikhumaw is about half-a-mile and the Kyobatmaw about f mile 
north-west of it respectively. (Sheet No. 92 C/6). 

Various outcrops of jadeite occur in the neighbourhood of Nam- 
shamaw (26° 46' 31' ; 96° 22' 28') but the active workings which 
bear the same name are situated near the confluence of the Namsai 
and Uru chaungs. Here jadeite boulders, which occur in the surround¬ 
ing red earth, are sought for. From their appearance they seem to have 
undergone little movement and probably represent the disintegrated 
portion of the dyke, which has either still to be exposed or lies a little 
way further west. 

A short distance further north are the deserted workings of Kon- 
pimaw where red jadeite used to be found, while about half-a-mile 
to the west of the same place, in and about a stream known as the 
Mawsitsit chaung, are further ancient workings from which two of the 
more valuable and semi-precious varieties of the mineral used to be 
obtained. These are laiown locally as inawsilsit and kyettayoe. 
The former is a beautiful dark green translucent stone and the latter 
is bright apple green in colour. Still more deserted workings exist at 
Wayutraaw, J mile N.N.W^ of those in the Mawsitsit dialing. 

The following jadeite workings in deposits of Tertiary age are 
reported by Dr. Chhibber to exist in the neighbourhood of the village 
of Unkin (25° 39' ; 96° 22'). 

(1) Kademaw (26° 39' 17' ; 96° 20' 23'), near the Kachin village of 

Nmayang. Mining is carried on along the banks and in 
the vicinity of the Nmayang Hka. Quite recently the 
Chinese did some underground mining in the conglomerate. 

(2) Matomaik-ak. These workings are situated on both sides of 

the Nmayang Hka, between Kademaw and Masamaw. 

(3) Masamaw. The workings of Masamaw (25° 39' 33' ; 96° 

19' 68') adjoin the left bank of the Masa Hka. It is 
noteworthy that the workers are re-digging the old pits 
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and going much deeper. From the disposition of the 
Tertiary jadeite-bearing conglomerate here and else¬ 
where it is apparent that the greater portion of it must 
have been deposited by torrential streams descending 
from the adjoining hills. 

(4) Marawrmw. This is a new locality worked for the first time 

this year. It lies about 160 yards N. N. W. of 
Marawgahtawng (25° 38' 49* ; 96° 19' 36*). Of the total 
number of pits, about a thousand in all, about half had 
been dug in the crystalline schists instead of in the conglo¬ 
merate—a striking confirmation of the need for a large- 
scale map of the jadeite-bearing area. 

(5) Mawsisa. Hiese workings lie mostly in the bed of the 

Mawsisa chaung which joins the Uru about | mile south of 
Warong (26° 39' 13* ; 96° 21' 15*). 

(6) Saungcheinmaw marks some old pits at the confluence of the 

Saungchein and the Uru chaungs. 

(7) Ngopinmaw. The workings arc about ^ mile north-cast of 

Kademaw on the way to Sanhka (25° 41' 8* ; 96° 20' 67*). 
They terminate south of the first tributary of the Nma- 
yang Hka crossed by the path. 

(8) Sanhkamaw, situated near Sanhka village. Numerous old 

workings exist in the area enclosed by the U-shajied bend 
of the Sanhka Hka, near its mouth. 

Pangmaw 11. There is one disused working about 6 furlongs 
N. N. W. of Mahok (26° 44' 8*; 96° 22' 53') on the left bank of the 
small north and south bend of the Pang Hka. 

The Tertiary jadeite workings in the neighbourhood of Kansi 
(26° 47' 1* ; 96° 22' 48') are listed below 

(1) Pangmamaw. The old workings of Pangmamaw are in the 

Pangma Hka. In the past Kachins excavated the banks 
and the adjoining ground for boulders of jadeite in the 
Tertiary conglomerates. Dr. Chhibber was informed that 
some of the boulders found here were about the size of a 
bufialo, and it is therefore probable that they had not 
undergone much transportation. 

(2) JUutantumaw. One of the main tributaries of the Pangma 

Hka is called the Mutantu Hka and gives its name to the 
workings situated in it. 
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(3) Sarnthtanmaw. The workings lie in a small tributary stream 

(of the same name) of the Pangma Hka, which joins the 
Uru river near Kansi. 

(4) Sanimaw. These workings are in and along the Sani Hka. 

At the time of Dr. Chhibber’s visit only one Chinaman was 
finding employment. 

(5) ShUamaw^ situated in the Shila Hka, a stream which joins 

the Uru below ELansi. 

(6) AungbilemaWf in the lower course of the Seinfcu Hka. 

(7) Hpalaimaw, said to lie in the Hpalai Range. 

The last two workings were not visited. During the present 
season both the Tawmaw Mines, Dwingyi and Kadondwin, have been 
worked, though only four claims were in operation at the former. 
The Kadondwin had previously been shut down for two years; 
the present exploitation is in the footwall with a working face about 
21 feet wide, across which the jadeite dips to the east at 30°. 

The sections observed both here and in the Dwingyi have revealed 
an important feature which throws some light on the mode of origin 
of the mineral. The jadeite occurs in the form of lenses in albite 
and three of these have already been worked out in the footwall of the 
Kadondwin. This strongly suggests the segregation of jadeite in 
the albite with which the original magma must have been supersaturated, 
since it forms by far the greater bulk of the dyke. In places it 
appears that jadeite was intruded subsequently into the albite with a 
band of amphibolite (‘ sAin ') between the two. It is noteworthy 
that wherever inclusions of amphibolite are seen in jadeite, a green 
colouring is developed in the latter near the contact. This is probably 
duo to the absorption of iron and chromium from the former into the 
latter. The presence of chrome-epidote generally indicates the 
occurrence of richly-coloured emerald green jadeite in the vicinity. 

In his report Dr. Chhibbei has directed attention to the complete 
lack of systematic mining methods underground, resulting not only 
in dangerous workings but in considerable loss of the less valuable 
mineral. He believes that the cost of mining would be reduced and 
output considerably increased if the mine were properly timbered 
and if compressed air drilling and the use of dynamite were introduced 
under the supervision of a trained mining engineer. 

The jadeite-cutting industry of Mandalay, Mogaung, etc., was 
inspected by Dr. Chhibber. As abrasives both imported carborun¬ 
dum and the powdered gem sand from Mogok are used in cutting and 
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grinding* Big boulders of jadeite are cut by the aid of coarse carbo¬ 
rundum and large heavy bamboo bows fitted with steel wire, the 
latter worked by two coolies. Small pieces of jadeite are cut with a 
sharp-edged bronze disc and fine carborundum. The shaping is 
mostly done by grinding on fiat slabs made of powdered gem sand and 
gum. Finished articles are polished on small slabs of stone of very 
fine texture or on brass and leather plates. Holes are bored in beads 
with a small Archimedean drill tipped with a high grade Brazilian 
diamond point. The making of jade bangles and jade carving is 
mostly confined to China, but a few Chinese are thus employed in 
Mandalay. 

Kaolin. 

Mr. B. B. Gupta reports the occurrence of small pockets ol 
kaolin of no commercial value in Irrawadian rocks, two furlongs 
Shwebo District, W.S.W. of Taungbyinnge (22^ 50' 30'' ; 

94° 49' 20"), Shwebo district, Burma. 

Lead and Silver. 

During his survey of Sheets 93 E/7 and E/ll of the Northern 
Shan States, which included parts of North Haenwi and Mongmit, 
Mr. G. V. Hobson found along a major strike 
States, mineralisation in the form of barytes and 

haematite in the Pangyun group of rocks and 
of galena and zinc blende in favourable horizons in the Chaung 
Magyi series. At one prospect values of 6*33 per cent, of lead, 8 oz. 
9 dwt. 20 grs. of silver per ton, and 3*31 per cent, of zinc were foimd 
in a sample taken across a width of 11 feet 2 inches. Such a grade of 
material does not, however, constitute a payable ore in this inaccessi¬ 
ble region. Mr. Hobson was not impressed with the economic 
possibilities of a magnesian limestone horizon in the Chaung Magyi 
series, but thought that the evidence of the extent of work done by 
the Chinese on Hill ‘ 6433 ’ was such as to warrant a more detailed 
examination of this locality, in the event of any improvement in 
transport facilities in this region. This opinion is given in spite of 
the failure of an earlier attempt to open up the deposit on t^ hill. 

During his survey of Sheets 93 D/9 and D/13 of the Southern 
Shan States, Dr. Coggin Brown made a preliminary examination of the 
lead and silver bearing region which lies mainly 
Mawso 0 State. The area atretchea 
' ' from about the latitude of Kyauktap (20° 61'; 
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96® 48' 30") in the south to the borders of Lawksawk (about latitude 
21® O') in the north and from the neighbourhood of Tethun (20° 58' 15"; 
96® 46' 30") in the west to the edge of the Mawson highlands on the 
east (long. 96® 65'). Old mine workings and scattered dumps of 
ancient lead slags occur at intervals within these limits over an area 
of approximately 60 square miles. As early as A. D. 1426, according 
to the Upper Burma Gazetteer, Mo-hnyin Mintaya, King of 
Burma, collected miners from Mogaung and sent them to Mawson 
and it is certain that primitive mining and metallurgical operations — 
particularly the extraction of silver—were carried on for centuries 
imtil their extinction after the annexation of Upper Burma in 188G. 
Short earlier references to the industry occur in papers by F. Fedden, 
E. J. Jones and C. S. Middlemiss.^ 

According to Dr. Coggin Brown the highlands of Mawson form a 
broad anticline, complicated by smaller subsidiary folds and also 
probafily fractured in a direction parallel to the strike which is 
approximately N.-S. The western limb of the fold is made up of 
argillaceous limestones often with a characteristic ‘ augen ’ structure 
passing into calcareous shales with interbedded shales, slates and 
mudstones. The whole series shews signs of intense crushing and 
shearing. To this group of rocks the name Orthoceras beds has lieen 
given owing to the prevalence in them of that cephalopod. 

In Eastern Mawson, however, which comprises the other limb of 
the anticline, thick limestone horizons occur, separated by a few 
strongly marked, arenaceous horizons. The whole country is buried 
under a thick mantle of residual clay and the true relationships of the 
two rock groups are not at present apparent. (See page 94.) 

The lead ore deposits are largely though not entirely confined to 
the latter group (the Mawson series). The surface distribution of the 
old workings has been well summarised by a recent writer, W. H. 
Hundall, as follows - 

‘ There are Beveral more or leas parallel ore bearing zones, if the extensive but 
sparsely and aporadioally mineralised north*and-south channels of breccia ted and 
partly decomposed limestone, several hundreds of feet in width, may be so deno¬ 
minated—which stretch for many miles, and are easily traceable during the diy 
season, after the grass has been burnt, by the numerous small dumps of the many 
workings that remain to some extent intact, and by the depressions formed after the 
workings have collapsed.' 

» F. VMta ! Select. Rec. OotH. Induu, Vol. XUX, p. 39. E. J. Jones : Bee. Qeol Surv. 
Ind., Vol. XX. pp. 191194. C. S. Middlemias : Oen. Hep. Geol. Surr. Ind., 1899-1900, 
pp. 122-153. 

■ W. H. Rundall : Traiw. JhsL Min. d: M-K, Vol. XXXVTT, pages 27-49. 
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Dr. Goggin Brown found it impossible to trace these bands of old 
workings accurately on the only available map and has suggested 
the preparation of one on a larger scale in the hope of being able to do 
so later. Amongst the many thousands of ancient pits the following 
more important groups may be mentioned^ :— 

(а) The Kyeindaw band about 1| miles east of Kycindaw 

viUage (20° 66'; 96° 46' 16'). 

(б) The Ngwedaung, Pongkaing and Chaungyegaung workings, 

a little further east. 

(c) The Gwekot-Pakin workings and the Ngwe-oho, Singaung 

extension. Gwekot (20° 69' 46'; 98° 47'), Pakin (20° 
58' ; 96° 48'). 

(d) The Taung-ye Twinzu workings cn echelon to the south-east 

of the Ngwe-daung-Kyeindaw line in much the same way 
as the Gwekot-Pakin occurrences are to the north-east of 
it. 

(«) The Siset-Mogaung-Kyauktaga belt. (Siset: 21° 0'; %° 49' 
30'). 

(/) The Myin-yi-ein workings, cast of ‘ A 4860.’ (20° 57' 30'; 
96° 49' 10'). 

{g) The Chaungmyaung-Bawdwinja-Scinji band and its exten¬ 
sion. Beinji is close to Tadagon (20° 57' 46'; 96° 50') on 
the west. 

(A) The Tantape Channel (20° 69' 15' ; 96° 62' 10'). 

Modern mines have been opened up at Bawdwinja, near Ywa- 
haung-gyi (20° 58' 45' ; 96° 60') and at Bawzaing (20° 56' 20" ; 
96° 50' 20"). The former has developed a hat pipe of ore-bearing 
clay in limestone, of comparatively small and exceedingly irregular 
section. At Bawzaing an irregular pipe with a decided pitch to the 
south is exploited. It appears to lie in a brecciated zone of limestone 
with minor arenaceous rocks and to consist mainly of ore-bearing 
clay containing very numerous irregular limestone blocks of all sizes. 
Decomposition, according to Dr. Coggin Brown, has been very pro¬ 
found and the deepest workings, some 60U feet below the surface, 
have not yet passed through the zone of superficial alteration. 
With the exception of certain galena-barite veins and the occasional 
occurrence of disseminated galena in limestone, or an insigoificaut 

Many of tb«w localitiee ue not shown on tbo 1-inch map. 
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veinlet of galena with calcite or quartz, all the deposits available 
for study are greatly modified by surface weathering. 

The ore-bearing clay, won alike by the ancients and by the modern 
miners, is a soft, pulvurent earth when dry, various shades of brown 
and reddish-brown in colour, ofi^en with very fine laminae of a still 
paler tint. It recalls a dry alluvial clay and becomes plastic and 
unctuous when wet. Through this irregular nodules of galena are 
distributed, varying in size from that of coffee beans to exceptionally 
large masses weighing one or two hundredweights. Their cracks and 
crevices nearly always carry anglesite or cerussite, but usually the 
latter mineral. Their corroded outer skins are often observed passing 
into cerussite and a good deal of this mineral in fine, pulvurent. earthy 
forms is obtained by washing the ore-bearing clay. 

Dr. Coggin Brownes preliminary investigations have shown that 
there is an intimate connection between the lines of old workings and 
certain well defined horizons of soft sandstones and sandy shales, 
which are interbedded with the Lower Palaeozoic limestones of Maw- 
son. While it is not unusual to find old workings sunk on fissures and 
cracks in the limestone itself, the great majority of them enter the 
sedimentary horizons and appear to have found ore in them or in the 
particular limestone band which underlies them. 

Bearing in mind the tendency of the limestones of the Shan States 
to form residual clays and granting the existence of a group of rocks 
like those of the Mawson series, already fractured and folded exten¬ 
sively, and sporadically impregnated with finely divided sulphides, 
as well as containing galena-calcite veins, we see that an unsuitable 
system exists particularly liable to corrosion and decay under local 
climatic conditions- a system in which it is only reasonable to expect 
that much of the lead ore would migrate, subside and finally accumulate 
in the irregular manner which mining operations have shown these 
deposits to possess. A redistribution of th^ materials may also have 
taken place along pre-existing pipes, channels and solution cavities 
of the imderground circulation system. 

The lead ores of Mawson are singularly free from zinc or copper and 
the silver content varies from 10 to 40 oz. per ton of lead. There is 
little in common between them and the great Bawdwin deposits. 
To some extent they are of metasomatic origin, for the galena occurs 
at times disseminated in limestone. That the rock openings in 
which mineralisation has taken place are partially determined by the 
prevailip^ joiqt sjjrstem, appears to be certain from th^ characteristic 
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form of many of the ore nodules, but whether the major channels of 
ore deposition when found at deeper levels than have been opened up 
to-day will prove to be related to the larger joint system, or depen¬ 
dent on fault fissures, has still to be determined. Like most other 
deposits of their class the ore bodies seemed to Dr. Coggin Brown to 
follow definite ‘ runs ’ and the correct interpretation of these demands 
a thorough knowledge of local geological structure. Finally, the 
disposition of the ancient workings leads to the suspicion that 
impervious overlying beds of shale and similar rocks, have had a 
considerable influence on the migration of ore-bearing solutions and 
consequently on ore deposition. 


Limestone. 

Almost unlimited quantities of limestone occur in the area 
mapped by Dr. Chhibber in the Myitkyina district of Burma. 

On sheet 92 C/5 the Hpalai range (4,004 ft.) 

Olstrict. Chaobadu Bum (3,757 ft.) are formed 

of this rock. On sheet 92 C/6 the Bumrawng 
and the Paphuk Bums are* important limestone hills, the latter being 
quite accessible and only about | mile west of the 7th mile on the 
Kamaing-Nanyaseik road. A small outcrop of limestone about J 
mile west of the bridge over the Hkakon Hka on the Migaung- 
Kamaing road is being quarried at present. It is being burnt for 
lime to be used as a fertilizer on the Sahmaw Sugar Estate. Five 
kilns dug in the banks of the stream were being worked at the time of 
Dr. Chhibber’s visit. 

Magnesite. 


A deposit of magnesite' covering some 2,000 acres in the Chetti- 


chavadi 


Salem 

Madras. 


jaghif of the Salem district, Madras, was investigated by 
Rao Bahadur M. Vinayak Rao. The area, 
which had been previously reported upon in 
part by Mr, C. S. Middlemiss, lies about 3 


miles north of Salem junction. The rooks at the southern extrem¬ 


ity consist of a highly garnetiferous hornblendic gneiss approach¬ 
ing a syenite, some pyroxenites, norites and other members of the 


Chamookite series. These appeared to Mr. Vinayak Rao to be 


intrusive into the magnesite-bearing rocks. A band of enstatite 


was found on the top of a low hill at the southern extremity, and 
several other bands of this rock appeared further north. Pyrox- 
enites were observed at the eastern boundary of the jaghif, while 
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to the west were gneisses and granites. Magnesite occurs in veins oi 
varying width. This width increases with depth, and the veins in 
places form a regular stockwork. The whole area is impregnated 
with magnesite of good quality. 


Manganese. 

Recently, deposits of manganese have been opened up on the 
ridge between Mirgitanr (22^ 44'; 86® 29') and Basadera (22® 45'; 

86® 30'), and on the hills east of the latter 
OriMii.*****'*"'’ ^*****^ village, in Dhalbhum. Dr. Dunn found that 
the manganese occurs as lenticular masses in- 
terbedded with phyllites. There is a large number of such occur¬ 
rences in these hills, in addition to a considerable amount of debris. 
The majority of the beds rapidly thin out and do not attain any 
considerable size. 

Mica. 


Mica which is mainly colourless but which in places shows a 
brownish tinge w^as found by Dr. Chhibber in some quantity on 
the north-eastern slopes of the Bumrawng Bum, 
district, l^vel of the 1,250-foot contour, i.e., 

just above the pass betw’een the small hill 
about 1^ miles N.W. of Hkumgahtawng (25® 31' 42^"; 96® 36' 3") 
and the Bumrawng Rum (2,476). Books of mica about half an 
inch thick and wdth a diameter of over four inches were seen widely 
scattered on the weathered surface on the left bank of a stream 
flowing N.N.E. and forming the headwaters of the Noidaw Hka. It 
is associated with a medium-grained pegmatite with a micrographic 
intergrowth of quartz and felspar. Dr. Chhibber had a small pit 
dug to a depth of about 6 feet and foimd that mica continued to 
that depth ; some of the books are described as measuring more 
than a foot in dianu'ter. Specimens of muscovite, apparently 
derived from the neighbouring granite hills, were also collected from 
the Kathan Hka, near Sakaw (25® 29' 53'; %® 38' 43'). 


Petroleum. 

In the last annual summary of the work of the Burma party 
a list of localities in the Lower Chindwin district of Burma was 
given where oil seepages had been found by 
Mr. B. B. Gupta, in addition to those enu¬ 
merated in Sir Edwin Pascoe’s Memoir on the 
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Oil Fields of Burma, {Mem, Geoh Surv, India^ Vol. XL, Pt. 1, 
pp. 144-145). During field season 1928-29, Mr. Gupta found 
another seepage in the extreme north of the district in a tributary 
of the Michaungdwin chavng, about one mile and six furlongs 
west of the village of the same name (22° 48' 30 ; 94° 41'). 


Northern Shan States, 
Burma. 


Pyrites. 

While working in the Northern Shan States of Burma Mr. 
Leicester examined an occurrence of iron pyrites in a small stream 
(Sheet 93 E/7, Long. 97° 23' 20"; Lat 23° 
22' 23") flowing southwards into the Nam 
Ping, on its left bank, one mile due west of 
Man Sak-ka village. The sulphide occurs as fine crystalline aggre¬ 
gates scattered throughout a large vein of white quartz. The 

quartz vein is associated with a small intrusion of amphibolite into 
the slates of the Chaung Magyi series about one mile south of the 
granite boundary. The quantity of pyrites is small and Mr. 
Leicester considers that the occurrence is of little or no economic 
importance. 

Mr. V. P. Sondhi reports that iron pyrites is associated with 
coal in the Kodaung chaung (22° 54'; 95° 57' 30") Shwebo distnet, 
Burma, and is also found as small nodules 

Bunlnlat*^” Olstrict, (Jisseminated in some of the sandstone beds in 
the same stream. In the Padaiik chaung (22° 
52'; 96° 62') pyrites occurs in a sandy shale. 


Ruby, Spinel, etc. 

Rubies were apparently collected in the past in the neighbour¬ 
hood of Nanyaseik (26° 37' 11"; 96" 36'). The industry is dead 
at present but several of the old mining centres 
Chhibber around Manaw- 
maw (called ‘ Lepyinmaw * by the Shans. Sheet 92 
C/10). There are two kinds of workings, shallow pits, and open 
cuttings along the stream bank. The former are by far the more 
numerous of the two but they have been partly filled with earth 
and are overgrown with jungle. Dr. Chhibber was informed that 
the maximum depth of a pit was about seven yards but that generally 
the depth varied frond 3 to 12 feet, 
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Two old pits were re-dug at Manawmaw and the following sec¬ 
tions observed :— 

A. Overburden, loam; 5 feet 6 inches. 

Qem-bearing gravel or ‘ byon ’; 1 foot 6 inches. 

Decomposed granite. 

The water level was six feet four inches from the surface. 

B. Overburden, loam; 3 feet. 

Gem-bearing gravel; 2 feet. 

Weathered lateritised granite. 

The byon contains quartz, felspar, phlogopite, chlorite, calcite, 
spinel and ruby. The coarser the byon the bigger is the size of 
the gems. 

Numerous old workings were seen along the banks and in the 
neighbourhood of the Shayat Hka, a small stream issuing about 
half-a-mile N.E. of the deserted village of Nawhkum (25° 39' 2 '". 
96° 32' 41'). In another small stream, a little east of the Shayat 
Ilka, locally called the Kyan Hka, a tributary of the Kammo Hka, 
unmarked on the map (92 C/IO), many old pits were observed n 
the bed, banks and vicinity. Old workings are to be seen at inter¬ 
vals along the left bank of the Kammo Hka and continue down to 
the neighbourhood of Padaw (25° 37' 54'; 9C^ 33' 51'). Old 
workings (‘ maiogyi ’) are said to occur along the upper course of the 
Kammo Hka above the deserted village of Nawhkuni (92 C/10), 
but have been deserted for 26 years. 


Salt. 

Twelve salt springs have been recorded by Dr. Chhibber as 
occurring in the area mapped by him in the Myitkyina district of 
Upper Burma during the past field season. 
Burmlu District, these localities brine is boiled to 

manufacture salt. The more important is 
Mabawmaw (26° 42' 22' ; 96° 21' 16' ; marked ‘ Lama ’ on Sheet 

92 C/6). Two important springs lie close to the bed of the Mabaw 
Hka and a third lies in a tributary of the former. The main spring 
occurs on the right bank of the stream and is about ^ mile N.W. 
of the village ; it is a shallow well, lined with serpentine boulders, 
nearly 11 feet deep and over 9 feet wide. At present all activity 
is centred round the first spring. A gallon of brine, collected here 
in December, 1928, was found to contain 2,867*82 grains of solid 


E 
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residue which on analysis in the Rangoon laboratory yielded the 


following results:— 

Per cent 

Sodium ohloridel ........ 78*29 

Potassium chloride.14*21 

Calcium chloride ........ 6*38 

Magnesium chloride.0*70 

Calcium sulphate ........ 0*62 

Insoluble i Inorganic.0*08 

raatter Organic.traces. 


Total . 100*28 


Four furnaces, oblong in shape, were being worked by Kachins 
at the time of Dr. Chhibber’s visit. Brine is generally heated in 
iron cauldrons over a furnace. Boiling is carried on day and night 
and the yield of one furnace in 12 hours was stated to be 5*6 viss 
or about 20 lbs. The salt is sold at the rate of four annas a viss 
and supplies all the local demand in the Kachin hills. The main 
cost of production besides that of labour is the price of the cauldrons. 
Firewood is obtained free from the jungle. These springs are thought 
to He along a fault, forming the western boundary of the Mabaw 
siliceous agglomerate. 

The second locaUty where salt is boiled is marked ‘ Kyiim 
Hka* (25° 41' 54^ 96° 23' 51")—‘salt water'-on Sheet 92 ‘C/6. 
This spring is situated in the Tertiaries in the bed of a small stream. 
It has been converted into a small well, about five feet deep, sur¬ 
rounded by a bamboo structure. Sulphuretted hydrogen escapes 
but not so briskly as in the case of Mabawmaw. A large number 
of volcanic boulders were seen in the neighbourhood. Only one 
furnace is worked here but at the time of Dr. Chhibber’s visit opera¬ 
tions had been suspended on account of the destruction of the shod 
by a recent fire. 

Three or four springs of concentrated saline water, heavilj 
charged with sodium chloride and a small amount of dissolved 


Jbehiin 

Puniab, 


hydrogen sulphide gas, occur near Kalra at 
District, small NummuHtic inHer ol 

the Bakrala hills, Jhelum district, Punjab. 


Many tons of salt must be annually brought up to the surface by 


the .combined agency of these springs from a deep source, probably 
a (concealed pocket of salt marl. Besides the chloride, sodium 


sulphate is also present in smaller quantity. The brine is appreci- 
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ably below saturation-point but the specific gravity of the licjuid, 
collected in the pool near the springs, is high. The springs are 
33 miles N.N.E. of the Khewra salt deposits. 

Mr. E. R. Gee was deputed to pay a short visit to Warcha, Salt 
Range, Punjab, to advise the authorities of the Northern India 
Warcha, Salt Range^ Salt Revenue Department regarding the posi- 
tion of a suspected fault which might inter¬ 

rupt their mine-workings to the south-west. During a previous visit to 
that area in October, 1926, Mr. Gee had noted the surface outcrops 
in the vicinity of the mine and had come to the conclusion that, in 
addition to the faults already proved in the dip workings, a large 
fault traversed the area to the south-west. A large-scale topo¬ 
graphical map, having been made in the meantime, it was now 

possible for him to demarcate fairly accurately the position of this 
fault on the surface and its relation to the present workings of the 
siilt-mine. The fault, which proves to be a large upthrow to the 
west, follows a general southerly course, and is well-exposed in the 
duds of Permian limestone at the top of the slopes above Rukhla 
village. The zone of shattering in these cliffs is at least 30 yards 
wide. Further down the slopes the exact position of the fault is 

obliterated by sulisequent slips of the limestones. The dark 

purple cJays and purple-red sandstones, apparently of the Speckled 
Sandstone series, which overlie the salt marl above the present 
mine, can be traced down the slopes tow^ards Rukhla village on 
the east side of the fault; on the west side they crop out again 
well uf) the stream-course which drains the slopes above the village. 
In this stream-section gvq>seous red marls, representing the upper¬ 
most horizons of the salt marl, crop out beneath these Speckled 
Sandstone beds, and the suggestion was made to prove these salt- 
bearing beds on the west side of the fault by an adit located in the 
vicinity of this stream-course below the outcrop of these gj^pseous beds. 

On the surface, the fault appears to run from 100 to 300 feet 
west of the most westerly chamber, No. 6, of the old British work¬ 
ings of the mine, so that, depending on the hade of the di8j>Iace- 
ment, it was assumed that it should be met with at no great dis¬ 
tance from this chamber. An old drift existed nmning for about 
75 feet W. 30® S. from No. 6 chamber, and here the seam 
of salt and marl showed a distinct change of dip towards the fault. 
This drift was blocked up at the time of Mr. Gee’s visit, but it has 
since been cleared. The end of the drift bears evidence of the 
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fault having been struck. This proves fairly conclusively that 
the fault will be found to cut off the workings not far to the west 
of No. 6 chamber and, being of a large throw, it will probably pre¬ 
vent further development to the west. 

In conjunction with his visit to Warcha, Mr. E. R. Gee was 
asked to include Kalabagh in order to advise regarding the salt 
deposits of the south side of Kalabagh hill, 
north of Kalabagh village, and to select 
sites for exploratory drifts for the purpose of 
proving these deposits. The salt marl with numerous outcrops 
of rocksalt is exposed in the hillside just north of Kalabagh village 
dipping steeply in a direction N. 20®-30° E. After crossing the 
stream near No. 19 guard-post, in which locality the beds are more 
highly disturbed, the salt-bearing beds swing round slightly to the 
west, and are again exposed in the area aroiind No. 20 guard-post, 
dipping very steeply to the north. The uppermost strata include 
grey and dark purple, hard clays with grey dolomite bands accom¬ 
panied by irregular bands of white gypsum, closely resembling 
the uppermost beds of the Salt Marl series in certain parts of the 
Pnniab Salt Ranee to the east. Beneath these strata dark red 
and pnrple-red clays, including seams of rocksalt, comprise the 
remainder of the exposed portion of the series. The base of the 
salt marl is hidden by the river gravel and alluvium of the plains 
to the south-west. The salt marl, as exposecl in these sections, 
might be roughly divided into three zones 

I. An uppermost zone, probably about 300 feet thick, includ¬ 
ing relatively thin seams of rocksalt alternating with 
marl. The salt is largely white or pinkish in colour, 

but, particularly in the upper horizons, bands of grey- 
coloured salt also occur. 

II. A middle zone, several hundred feet thick, consisting of 
large outcrops of pinkish-white rocksalt with marls. 

III. A lower zone of red marls with doubtful seams of rocksalt. 

The seams of Zone II appear to offer the greatest possibilities 
for exploitation, the outcrops suggesting that a number of thick 
seams of good quality rocksalt are included within this zone. 
Lateral variation must be expected, as in the case of the seams 
of the present Kalabagh mine. The strata of Zone 1 had beep 
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tested by a drift in the slopes above guard-post No. 18, but the 
seams of rocksalt struck in this drift were of insuihcient thickness 
to be, by themselves, profitably extracted. 

The seams of Zone II crop out in the steep hill-slopes just be¬ 
hind Kalabagh village, and westwards around guard-posts Nos. 18 
and 20. The red marls of Zone III form the foothills below, 
just west of the village. These marls have been largely covered 
by river alluvium for a short distance west of Kalabagh, and it 
is probable that, at the time when the sand and boulder deposits 
were laid down, any seams of rocksalt which were exposed at the 
surface were dissolved in the vicinity of the surface and have 
become hidden from view. The absence, therefore, of exposures 
of any large seams of salt does not preclude the possibility of their 
occurrence in depth beneath the covering of marl. Several small 
outcrops do occur within these foothills, and salt has apparently been 
mined on a small scale at one locality. It is quite possible, there¬ 
fore, that at a depth below the weathered strata, seams of work¬ 
able rocksalt would be met with in the marls of this lower Zone III. 
The existence, howevei, ol good neams ot salt within Zone 11 is 
much more obvious; Mr. Gee thereioie suggested that these beds 
north ol Kalabagh village should first be proved by an adit running 
approximately N, 30° E, Further west the equivalent beds, 
outcropping near No. 20 guard-post, should be proved by an adit 
running in a northerly direction, driven, if possible, at a low-level 
below the solution-holes of that area. Provided that workable 
salt deposits of sufficiently large extent are met with in these areas, 
a low-level tunnel might be driven beneath the foothills for the 
purpose of direct transport to the railway at the edge of the plains. 
It is quite possible that workable seams of rocksalt would be met 
with in such a low-level tunnel within Zone III of these foothills. 
Mr. Gee, however, is doubtful whether the proving of such seams 
as do exist would alone justify such an expensive proposition. 

The conclusions arrived at by Mr. Gee are in general agree¬ 
ment with those of Dr. J. A. Dunn, who visited the area in January 
1926. 


Silver (eee Lead)* 
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* Soap-Saod ' Sapaya') and ‘ Soap-Water 

* Soap-Waier .^—Springs highly charged with alkalies were observed 
by Dr. Chhibber to occur in the bed of the Sapya Hka (Sheet 92 
C/7), especially near its junction with the 
District, Uwehka Hka, in the Myitkyina district of 
Upper Burma. The water is used locally to 
launder clothes. The alkalies have probably been derived from 
the felspars of the grano-diorite exposed immediately on the west. 

Mr. Sondhi reports that the slushy mud and water, which ooze 
from the mud springs east of Kin-u (22° 4G' ; 95® 37' 23"') in the 
Shwebo district of Burma, are impregnated with 
District, alkali salts, which are deposited on evapora¬ 
tion of the water. These and the efflorescent 
salts that encrust the surrounding surface are collected and are 
refined by evaporating their filtered solutions. The refined pro¬ 
duct is obtained either in semi-crystallised cakes or in powder, and 
is an article of toilet; the unrefined sand is used to launder i lothes. 


Spinel (see Ruby), 


Sulphuretted Hydrogen, 

Springs charged with sulphuretted hydrogen were noticed by 
Mr. B. B. Gupta in the northern tributary of the Baingbin chaung, 
nu. about three miles and six furlongs in a line 
.Hft’iSm"’'” 15- S. of W. from Kin (22" 46' ■, «4", 42'). in 
the Lower Chindwin district of Burma. 

Salt springs heavily charged with sulphuretted hydrogen were 
noticed by Dr. Chhibber in the Mabaw Hka and the Kyum Hka 
Myltkyln, DUtricl. 41' 64*; 96° 23' 51*), in tli«- Myitkyina 

Burma. district of Burma. (See ‘ Salt ’.) 


Talc. 

Dr. Dunn reports that talc deposits occur at intervals along 
the Singhbhum Copper belt in Dbalbhum. The talc has resulted 
from the alteration of igneous rocks. These 
*****^ *"** deposits were excavated at a very early period 
by people who made neat round shafte off 
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which galleries were driven; the present day villagers, on the other 
hand, work in a very haphazard fashion. 


Tin. 

At Kunhnitkway (Sheet 95 E/13. Lat. 97® 51' 30"; Long. 

15® 48' 22"), in the Amherst district of Burma, Mr. Leicester 

examined an occurrence of black cassiterite in 
District, ^ small pegmatite vein which is mined during 
the monsoon. The vein measures two feet 
across at the thickest part and follows the bedding planes of the 

country rock which consists of sandy shale and sandstone. The 

strike is N. 38® W., and the vein dips south-westwards at 70®; 
thinning out in places it appears again farther on in the same line, 
'fhe pegmatite is much kaolinised and the extraction of the cassiterite, 
in which the rock is rich, is not difficult. Unfortimately, however, 
the vein being narrow and the dip steep, it will soon be \mproiit- 
able to work it on accoimt of the increasing overburden. No pros¬ 
pecting has yet been carried out to ascertain if the talus on the 
slopes below the vein contain any payable quantity of ore. 


Water (see also Engineering Questions). 

In August 1926, Dr. J. Coggin Brown undertook to supply 
such geological information as is available on the problem of obtain¬ 
ing underground water supplies in the water- 

Burma, for 

domestic and agricultural purposes. The 
General Report of that year contains a summary of the situation 
in the Myingyan district by Mr. C. T. Barber. In the report for 

1927 Dr. Coggin Brown’s views on the question in the districts 
of Thayetmyo, Kyaukse, and Mandalay are referred to. In the 

1928 report, Mr. Sondhi dealt with the Lower Chindwin district 
and Mr. Bradshaw with parts of Sagaing while Dr. Coggin Brown 
described prevailing conditions in Magwe, Meiktila, Minbu, Pakokku 
and Yamethin. 

The waterless tracts of the Shwebo district, situated in Sheets 
84 N/1, N/5, N/9 and N/13, were visited by Mr. V. P. Sondhi in 
the course of the geological survey of these sheets, during the 
season 1928-29. Most of the area covered by these sheets is 
in the catchment of the River Mu which runs towards the south 
approximately through the centre of its broad shallow valley. All the 
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waterless tracts dealt with are scattered over this catchment, on both 
sides of the river. The geology of the area is very simple; alluvium 
extends from 12 to 16 miles east and west of the river, and beyond it 
the underlying Irrawadian series is exposed. The Irrawadian series 
here consists of a deposit of incoherent sand containing a variable 
proportion of clay. 

The alluvium is mostly derived from this deposit and is like¬ 
wise of a sandy nature, with a greater proportion of clay, yielding 
a sticky soil in places. The lithology of the Irrawadians changes, 
sometimes rapidly, because of changes in the proportion of its 
clay content, and the surface exposures of the series do not show 
any definite bedding or sorting of the material. 

The water table in the area is not low, and is easy of access 
by hand-dug wells, but the yield of the wells is generally very small 
on account of the slow rate of seepage into them. The unsorted 
sand-rock has a low permeability due to the fact that the smaller par¬ 
ticles of sand and clay choke the inter-spaces between larger grains 
and thus obstruct the flow of water therein. The series, more¬ 
over, is known to contain sporadic occurrences of soluble alkali 
salts, and these raise the usual difficulties, common to the rest of the 
‘ Dry Zone ^ of Biuma, in dealing with questions of underground 
water supply. Efflorescences of salt were observed and brine 
wells reported at various localities in the course of the survey work, 
but the most outstanding example is the existence of mud springs 
west of Kin-u which emit a rich solution of alkali salts. As tliere 
is no evidence to show whether sub-surface conditions of low 
pcm'ieability and saline character would improve with depth, tube 
wells cannot be recommended with confidence in the area. ' 

The waterless tracts of the Kin-u township, lying in the sheets 
surveyed, namely Ngayogyi, Sawgyi, Ba-o, and Kin-u, are governed 
by very similar geological conditions; they are situated on allu¬ 
vium of a semi-permeable nature, which overlies and is derived 
from the sandy Irrawadian series. Ngayogyi is half a mile from 
the Shwebb canal and three miles from the River Mu, and is not 
very high above the river level. The water table cannot be very 
low hero but the difficulty is experienced of a restricted inflow of 
water due to the low permeability of the deposit. 

The Sawgyi tract lies about six miles east of the Ngayogyi 
tract, over alluvium of a more sandy type. The chances of a 
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successful tube well are exceedingly poor, but the conditions here 
are expected to improve when the old Mu canal is remodelled. 

The remarks on the Ngayogyi tract apply to the Ba-o tract 
with equal force, except that the water table is lower here, as the 
tract lies further east of the Shwebo canal. 

The Kin-u waterless tract, though situated on the alluvium, is 
very near the Irrawadian sands and the salt mud springs. In 
the month of January, 1929, the water table was from 6 to 9 feet below 
the ground surface in different wells in the town. In the month 
of May, i.e., in the early dry season, the water table fell by about 
6 feet. These measurements, however, cannot be taken as normal 
because of the abnormally heavy rain in the preceding rainy 
season. The water table is generally easy of access in years of 
normal rainfall but the intake of the wells is very low and the 
yield is consequently very small. Tube wells are not expected to 
succeed here on account of the salt springs and the low perme¬ 
ability of the country rock. The yield of the hand-dug wells in 
the town is likely to improve when the old Mu canal, which runs 
just east of it, is remodelled, or when a large tank, now' under con¬ 
sideration, is constructed east of the town. 

Of the waterless tracts of the Kanbalu township, situated in 
the area under discussion, Sudat lies on the alluvium so close to 
th(‘ underlying Irrawadian that the question of underground water 
is confined to the latter series. The Kyauksegan and the Bugon 
tracts lie directly over the Irrawadian series, and the sinking of 
u tube well is not recommended. 

The village of Zigon (Tantabin railw^ay station) lies over 
sandy alluvium, and wells 36 feet in depth contain about three 
feet of water ; when this is drawn off, how'ever, they recoup very slowly. 
As similar beds are expected to continue downward the success 
of a tube well is very doubtful. When the old Mu canal is re- 
moflelled this village may also be benefited as it lies west of the 
canal, which is also the direction of flow of the underground water. 
The same remarks hold good for Nagabaw'. 

The Meoh and the Mai we tracts of the Ye-u township in Sheet 
84 N/6 form a single tract lying over alluvium. The water table 
is usually within ten to twelve feet but the rate of intake of the 
wells is very low. The Shekadaw, Nyaungsigon, and Taze 
traots of the Taze township in the same sheet also sufier from the 
same oircumstanoeB. 
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Although the conditions cannot be called favourable for tube 
wells it might be worth while to test one of the tracts in this 
sheet with a deep boring, in order to ascertain the true quality 
and quantity of the ground water available. The results obtained 
in one case, favourable or otherwise, would have much bearing 
on the problem in other tracts under similar conditions. For ibis 
purpose one of the tracts in this sheet is to be preferred as it 
forms the basin of the Mu valley, and the alluvial blanket here 
is likely to be thick. 

The Kaduma, Zebauk, Ywathitkon, Kyaungthiaing, and TiOdi 
tracts of Sheet 84 N/1 lie over the alluvium very close to its junc¬ 
tion with the Irrawadian series. Taken together they form a 
single area with similar geological features in which tube wells 
are almost out of the question. 

At the request of the Sanitary Engineering Branch, Pubiii 
Works Department, Burma, this department has given geological 

Bassein Burma advice on the possibilities of obtaining tube 
well water supplies at Pyu in the Toungoo 
district, at Talakwa in the Bassein west township and at Waw’ in 
the Pegu district. 

The Public Works Department, Burma, conimence<l to sink a 
well in one of the valleys of the Prome Hill civil station. In an 

adjoining valley was a well which gave a 

BumiT^ Station, supply of water and from this examjile it 
was thought that water would be found in 

the position selected for the new' well. When the new well had 

been sunk 60 feet, the excavation for the last 10 feet w’as through 
soft, quite dry rock and, as the prospect of obtaining water appeared 
remote, this Department was asked to examine the site and to grv'c 
an opinion on the prospect of obtaining an adequate siipjilv of 
water at a reasonable depth. Mr. E. J. Bradshaw was deputed 
to undertake the enquiry. 

Prome Hill civil station is immediately south of the tow^n of 
Prome and forms part of the steep ridge on the left bank of the River 
Irrawaddy. West of the civil station rocks of the Upper Prome 
series crop out in the river ; Prome hill itself consists of rocks 
of the ‘ Fossil Wood Group.^ These formations have been de¬ 


scribed by Theobald and in greater detail by Murray Stuart, who 
mentions thiat the general character of the Upper Prome series, 
which consists of alternations of massive and shaly sandstones 



Part 1.] 


General Report for 1929, 


69 


and shales, is softer than that of the underlying Lower Prome 
series, the outcrops being characterised by lower hills than those 
formed by the beds of the Lower Prome series. The ‘ Fossil 
Wood Group ’ is classed by Murray Stuart with the Irrawadian 
series and here consists of a mixed assemblage of shales, sands 
and subordinate conglomerates, passing upwards into yellow sands 
which are in turn overlain by the gravels of the older alluvium. At 
Prome Hill civil station the visible rocks all belong to the ‘ Fossil 
Wood Group.’ The beds dip to the N.E. at 30° and overlie, 
unconformably, beds of the Upper Prome series, which probably 
dip in the same direction but at a steeper angle. A point to note 
is that west of the civil station the beds which form Prome hill 
do not croj) out in the river. The geological structure is such 
that except at very great depth the source of supply of any under¬ 
ground water in Prome liill is the rain which, for a limited part 
of the year, falls on the small catchment area constituted by the 
hills themselves. 

Tlie record of the well showed that from 0—6 feet vegetable 
earth was penetrated followed from 5—20 feet by yellow sandy 
clay. From 20 — 30 feet the rock was yellow sand and thence to 
the bottom of the well at 03 feet firm dry shale and clay mostly 
light blue in colour. Information was given that during a period 
of 13 hours the percolation was only from 0 to 9 inches, which works 
out to between 200 and 300 gallons of water. This w^atcr pre¬ 
sumably comes from the lower part of the bed of friable sand-rock 
between the 20 and 36 foot levels. 

In Mr. Bradshaw’s opinion there is no prospect of this well’s 
obtaining an adequate supply of water at a reasonable depth. A 
deep and costly w^ell might strike sufficient water but it should 
be borne in mind that the supply would not be artesian, and that, 
as a general rule, the cost of raising water from a deep tube well 
is considerably greater than the cost of pumping w^ater to the same 
height in the ordinary w^ay. There is an unlimited supply of 
pure water to be obtained in the low ground north and east of 
Prome hill. The cost of drilling a comparatively shallow well 
in the low ground would be a great deal less than that of drilling 
an abnormaUy deep well in the hill itself. The supply of water 
in the low-level well is assured ; in the deep well it would be pro¬ 
blematical. In both cases the water would have to be raised to 
the top of the hill; the cost of pumping from the low-level well 
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would be considerably less and its maintenance less troublesome. 
Making due allowance for the increased cost of pipe lines from a 
well situated some distance away on the low ground, Mr. Bradshaw 
still had no hesitation in recommending that the best solution of 
this water-supply problem would be the sinking of one or more 
wells on the low groxmd north or east of the Prome Hill civil 
station where the supply is assured, and the pumping of the water 
through a pipe line to the top of the civil station. 

In his survey of the Northern Shan States, Mr. Leicester was 
requested to include the investigation of the water-supply at Na-hsy, 

Na-hsy water-supply, junction of the Burma 

Northern Shan States, Mines Railway and the main Namtu-Lashio 
road. It is a centre of the forest operations 
of the Burma Corporation, Limited, and is likely to expand in size. 
The present water-supply is defective, with the result that the 
area has been subject to cholera outbreaks. Mr. Leicester foimd 
the water-supply of this area a very difficult question. A well¬ 
site was chosen at the foot of the ridge on the left bank of the 
‘ logging ’ stream about 250 yards from the railway line at a 
point 1,000 yards from the station. The beds are here dipping 
steeply at about 60"^, and, in order to increase the catchment area, 
it was suggested that, when the well had reached a moderate 
depth, a cross-cut should be made into the hill across the dip. 
This was done, but the shaft of the well unfortunately encoun¬ 
tered a thick impervious band of rock and only a few layers 
of porous sandstone. A small amount of water—some GOO gallons 
daily—^j)ercoIated into the well from the upper portion and through 
fault and joint planes. The well was 27 feet deep and the cross¬ 
cut had reached a distance of about 30 feet into the hill-side'at 
ohe time of Mr. Leicester’s second visit without striking any con¬ 
siderable quantities of water. Examination of the section dis¬ 
closed in the well and cross-cut showed that the latter would have 
to be continued for a distance of over 200 feet before it was bkely 
to strike water in any quantity. In view of the expense of con¬ 
tinuing the cross-cut or of deepening the well, alternative proposals 
are now being considered. These consist of (1) piping water from 
a known spring some distance from Na-hsy; (2) sinking another 
well^ 50 feet deep, 200 feet south-east of the existing well and cross¬ 
cutting to a distance of 100 feet; (3) sinking another shallow well 
elsewhere, and (4) sinking a well of lUO—150 feet depth at a site 
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about 700 feet W. N. W. of the Public Works Department 
road. Comparing these alternatives, Mr. Leicester remarks that 
in (1) the supply is certain, but the cost of piping great. In (2) 
there is a probability, but no absolute certainty, of strikinga a 
sufficient quantity of water; the same might be said regarding 
the continuation of the present cross-cut to a total distance of 
200—300 feet. (3) is considered useless. With regard to (4), a 
deep boring in the synclinal trough of the Na-hsy area should strike 
water if the upper sandstones occur above the calcareous shales 
in this area. The latter fact could be ascertained first by sinking 
a test pit or boring ; even were this test favourable, there would 
be no certainty—though a probability—of striking water further 
down, and no guarantee that the water, if found, would be potable. 
On the whole, the most reliable solution of this difficult problem 
would seem to be a piping scheme from known springs. 

The Government of the North-West Frontier Province having 
asked for the services of an officer to advise them in regard to the 
geological aspects of a number of dam and 
Waziristan and Baluchistan, 
Mr. D. N. Wadia was deputed for this work. 
There are eleven proposed sites, w’hich comprise two on the Kurram 
river, three on the Tank Zam, three on the Gumal svstem, one on a 
tributary of the Nari, and two on the Zhob river. Thougli scattered 
over a large area, they possess broadly similar features and a few general 
considerations seem applicable to all. Rome of the proposed sites, 
Mr. Wadia believes, arc old lake-basins, with portions of their silted- 
up bottoms yet preserv^ed and there aie valley depressions from one 
to three miles wide fronted by gravel-terraces, some hundreds of 
feet above the river beds, which are at })resent occupied by insigni¬ 
ficant streams. These wide valley tracts alternate with deep narrow 
gorges with vertical precipices. The chief weathering agent is ex¬ 
treme range in daily and seasonal temperature causing alternate 
expansion and contraction in the rocks. The continued desiccation 
of this region has resulted in the establishment of almost desert con¬ 
ditions. The surface-water action is too feeble to transport to the Indus 
the continuaUy growing mass of surface debris, which thus goes on 
accumulating m situ. Except the Kurram, none of the numerous 
transverse water-courses draining the Sulaiman range succeeds in 
reaching the Indus ; these water-courses lose themselves in their own 
silt in the gently sloping Daman plains of Derajat. 
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The geological structure of the ground at the majority of the 
dam-sites is of great simplicity, and but for the difficulties inter¬ 
posed by the physical and climatic conditions of the region, the 
damming of the spasmodic river-courses, which at present waste 
the greater part of their annual discharge in uncontrolled torrential 
floods, would be an easy process. The main drainage of Waziristan, 
descending the Sulaiman range and the Daman tract to the Indus, 
cuts transversely across broad, parallel, N.N.E.-S.S.W. belts of 
folded Siwalik, Eocene, Cretaceous, and Jurassic rocks of various 
degrees of hardness, thus producing at several localities ideal con¬ 
ditions for the creation of artificial reservoir-basins in the wider 
parts of the valleys by barricading the downstream gorges. This 
process has, indeed, repeatedly operated in the past ; witness the two 
or three extinct lake-basins in the Gumal and the Zhob, of which 
the Gul Kach basin, over 30 square miles in area, with its conspi¬ 
cuous lines of high-level beaches, is a well preserved instance. 

While, however, the impounding of reservoirs by this methml 
seems easily practicable, the peculiar geo-dynamical and hydrograph¬ 
ical conditions arising from the desert climate of this region 
raise several difficulties, which, however, in Mr. Wadia’s opinion, 
are not insuperable by modern engineering practice. The chief of 
these difficulties are as follows:— 

(1) The great thickness of ^oose spong>’ surface deposit.s of 

gravel which mantle all the valleys would cause much 
loss of w^ater by underground seepage from the sides 
and bottoms of impounded reservoirs. A consiflerable 
part of this would be permanent loss, not recoverabh 
in the lower parts of the valleys. Fine silt would ulti¬ 
mately seal them up, but effective puddling might re¬ 
quire several years. 

(2) Loss by evaporation in a hot and dry climate, with a sum¬ 

mer of over six months* duration, is a serious factor 

(3) The violence and size of the N. E. and S. W. monsoon floods, 

for which these rivers are notorious, would cause severe 
periodic strains on the structure of solid dams. 

(4) The great silt-bearing capacity of these floods is well-known 

and with proposed reservoirs of moderate capacity 
• (which alone are practicable under present conditions) 
the possibility of their filling up, or being seriously 
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reduced iu volume in a few years has to be considered, 
unless means arc deviaed to discharge with the sluice 
waters the debris deposited annually in the basin. Some 
observations, wliich Mr. Wadia was able to make on 
the thickness and extent of sedimentation on a flood- 
swept tract, where the velocity of the flood-waters re¬ 
ceived a temporary check, seem to show that the capa¬ 
city of an impounded basin might be reduced by as 
much as 40-45 per cent, in some parts, in 10 years, by 
unretarded sedimentation. 

(5) The cohesion of the rook-body is undermined to some 
depth by the effects of isolation. High and heavy ma¬ 
sonry dams, tlierefore, of uniform composition, seem in¬ 
advisable in the majority of cases, for the rocks have in¬ 
sufficient durability and cohesive strength to support 
them. 

Scune of these adverse' conditions could be met by seh»cting 
that type of dam known as the ‘loose-rock fill,’ advised by the 
(lliief Engineer, North-We.st Frontier Province. At the Oiil Each, 
Ihidanzai, and Pnmj dies the construction of this kind of dam 
could be carried on in flowing water, while at Khajuri, Ahnai, and 
Shahur, a small length of diversion tunnel, for which the geological 
structure of the ground is suitable, could be constructed without 
undue exj^ense. 

The Gul Koch Jirsm^oir Site. - The Gul Kach site is unique in being 
a natural basin iu the iipjier Gumal, an old lake hollow, filled with 
th(' typical df'posits of an extinct lake, with a rocky gorge at the 
('aateni end of it serving as its only outlet. The area, part of w’hrch 
lies in Afghan territory, is considerably over 30 square miles and is 
covered with extremely fine silt, the central parts of which are being 
(*ut by th(' present channel of the Gumal into isolat^ed mounds. 
The exit-gorge is 200 feet wide, with precipitous sides nearly 500 
feet high. The rocks are grey, imperfectly cleaved slates with 
lenticular intercalations of limestone and quartzitic sandstone. The 
strike of the slates is directly across the gorge with a prevalent 
downstream dip, E. lO'^S., varjing from 25® to 40® in amount. The 
strata show a good deal of puckering and contortion with a much- 
fractured rock-surface which weathers badly, giving rise to im* 
stable slopes covered with the remains of periodic landslips. With 
depth the rock improves in strength and solidity. 
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A solid masonry dam inside the gorge with flanking rocks of 
the above description is out of the question and Mr. Wadia was 
unable to approve of the proposed site which lies IJ miles within 
the gorge. Besides the risk involved from unstable valley-slopes, 
which are here precipices 500 feet high, another disadvantage of a 
dam situated so far downstream would be the loss of imprisoned 
water through the fissured sides of the gorge ; this infiltering water 
would further weaken the base of the precipices. 

A much more favourable, though less ambitious, site is, in Mr. 
Wadia’s opinion, near the entrance of the gorge. The flanks are 
here more resistant and the bed-rock for the dam-foundation is 
exposed for nearly three-quarters of the width of the river-bed. A 
dam 150 yards in length and 80 feet in height at this point would 
store back more water than one of 115 feet in height at the down¬ 
stream site. One or two bluffs of rock standing in the middle of 
the valley might be either made to serve as part of the apron, or 
taken in as integral parts of the body of the dam-structure. A 
spill-way exists across a natural saddle. The only disadvantage of 
this site is that the cliffs are not high enough to allow the dam 
being raised beyond 80 or 90 feet, especially with a reservoir-basin 
whose capacity increases by thousands of acre-feet with every foot 
of increase in the bund height. 

The existing deposits of fine silt at Gul Kach attest the wat<‘r- 
tightness of this basin. The extreme slowness with which such 
fine matter has been laid down points to the retention for long periods 
of large volumes of standing water. 

Building stone of the required quality is not available at the 
spot, but would have to be quarried from the limestone and quartzitic 
strata of the hills N. and N.N.E. of Gul Kach. 

The Khajurikach Dam Site .—About three miles below the junction 
of the Gumal with the Zhob, the united stream has cut a deep gorge, 
the Adam Kak gorge, through a limestone ridge. The direction 
of the gorge is diametrically across the strike of the limestones, 
the dip being uniformly upstream, 45^-55®, W. 5®-10° 8. The Adam 
Kak defile is | mile long and is only 60 or 80 feet wide at places, 
with its south flank rising sheer 1,300 feet from the bottom of tlie 
valley. Except in earthquakes of unusual intensity the stability 
of this cliff, resting on solid rock, and with the stratification-planes 
transverse to the valley-side, is not likely to be threatened. The 
rocks are dark-grey flaggy limes^nes, of probably Lower Eocene 
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age, generally without shale partings and immune from severe 
crumpling or folding. No wide, gaping joints or fissures are present, 
though minor folding and some local strike-faults of small throw 
are seen. The debris of a landslip of considerable dimensions lies 
at the entrance of the gorge on the right bank, but good clean 
bed-rock is exposed at the river-bed almost throughout the gorge. 

Mr. Wadia considers a site some hundred yards below the en¬ 
trance as the most suitable, being well on the upstream side of the 
largest of the minor faults seen. A dam up to 150 feet in height 
would be possible here with fairly sound rock for foundation and 
sides. The few open bedding-planes would have to be grouted, as 
well as any wide joints revealed on clearing the sides. The debris 
of the old landslip referred to above forms a sort of natural apron 
to the high hill-slope above it and as it lies at a safe natural angle 
of repose, it should not be disturbed in order to obtain building- 
stones. Enough material of excellent quality, fit for the rock-fill, 
occurs elsewhere near the site. A diversion tunnel through one of the 
flanks would be necessary. The geological structure at the suggested 
site seems favourable for the safety of its roof and sides. 

The Khirgi-Kaur Reservoir Site.—The Khirgi-Kaur Reservoir pro¬ 
ject has as its object the closing of the drainage outlet of a natural 
topographic depression between Manzai and the Gimi militia post, 
by an impounding dam, or bund, near Eaur and the filling of it, 
partly with the water from the Tank Zam diverted into it by means 
of a tunnel near Ehirgi, and partly from the Gumal through an 
old deserted channel. 

The Khirgi basin has originated in a manner peculiar to Wazi- 
ristan through the coalescence and re-distribution of a number of 
talus fans belonging to the freshets and torrents descending from 
the surrounding higher ground into the Narsas bed. The catch¬ 
ment area of the trough is insignificant, its bed being dry for 10 
months of the year, but owing to the pan-shaped configuration of 
its bottom, the storage capacity would be remarkably high, and 
Mr. Wadia considers it would therefore be possible to utilise the surplus 
flood-waters of the two neighbouring streams. 

The bottom and sides of the Kaur trough are constituted of 
coarse gravelly alluvium with subordinate seams of sand. Its east¬ 
ern or Manzai flank is steep and cliff-like, dissected by scores of 
ravines which, even during the Rains, discharge hardly any water 
into the Narsas. The opposite flank is a natural glacxs slope of 

F 
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unassorted scree. There are no large pores or vacuities in the gravel 
and the whole has a degree of compactness which allows it to stand 
in vertical scarp-faces of 60-80 feet, but although its porosity 
is diminished, it is far from being water-tight. The level of ground- 
water, even in the Narsas bed, is deep, the whole discharge being 
carried underground. 

The conversion of such a tract into a storage reservoir can only 
be recommended on the chances of its ultimately becoming water¬ 
tight by the puddling effect of the silt brought by the feeders. That, 
for several years, a considerable loss of water would accrue, through 
a bed that has no solid or impervious substratum to check the 
under-flow, is a foregone conclusion. In Mr. Wadia’s opinion the 
success of the project would depend upon the quality and quantity 
of the silt brought in and laid down, in the right position, in the 
area to be enclosed. 

The bundy which would be from two to three miles long, could 
be constructed of the Manzai terrace gravels by the hydraulic 
fill process; it would need to be adequately protected from the 
action of the numerous shifting torrents descending the Girni Sar 
glacis. 

The Shahur Tangi Dam The Shahur Tangi is a canon- 

like defile, only 11 yards wide at one point, excavated by the Shahur 
tributary of the Tank Zam, out of soft, rather poorly consolidated 
sandstone of doubtful Cretaceous age. The sides of the gorge are 
vertical faces of this sandstone, 175 feet high on the north and 
220 feet on the south side ; the strike of the massive strata is trans¬ 
verse to the gorge, with a downstream dip of from 80° to 90°. The 
individual sandstone beds are from 1 to 8 feet thick, without not¬ 
able shale intercalations and are, at the proposed site for the dam, 
free from the rather high degree of disturbance seen elsewhere in 
this rook series. There are no open joints, fissures, or other divi¬ 
sional planes, besides the somewhat wide-spaced bedding-planes. 
The bed-rock is not exposed at the stream-bottom; its depth, how¬ 
ever, is not likely to exceed 20 feet or so and when seen will most 
probably be a clean, water-worn surface. 

The structural features of the Shahur dam-site are reported by 
Mr. Wadia to be excellent and the foundation and flank rock, though 
weak in detached pieces, is ‘ sufficiently firm in mass to take the 
weight of a rock-fill dam and withstand the resultant thrusts. A 
dam of 100-130 feet height may be safely recommended, though 
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the low tensile and crushing strength of the Shahur sandstone 
would be against a heavy or high masonry structure. The wide 
bedding-planes will have to be well grouted and made water-tight 
and the unconsolidated and partly-cemented patches of rock scraped 
out from the foundation and sides. The building-stone will have 
to be brought from some distance, as much of the material obtained 
from the spill-way excavations, or from local quarrying, is likely 
to lack sufficient rigidity or cohesion. 

The Ahnni Tangi Dam Site ,—The rocks at the Ahnai gorge 
consist of red, pur])le, and grey shales with interljcdded sandstone 
and limestone of varying colours. These are folded into a dis¬ 
turbed sinuous anticline, with its axis, in the main, N.N.E.-S.S.W 
traversing the Ahnai valley obliquely. At the site of the proposed 
dam there occurs a thick }<and of flaggy, grey limestone (270 feet) 
with a steep upstremn di}) and strike transverse to the gorge. There 
are some narrow fissures in the rock, beside the usual set of joints 
and in a minor degree flexuring of the beds. The limestone is 
extremely fine grained and homogeneous, slightly argillaceous and 
almost iithogra])liic in texture. The folding juvsent in the rock 
is not of a charac'ter to affi^ct the strength of tin* foundation or sides 
of the proposed dam. There are one or two minor slips and faults, 
especially in the left bank, which will need attention. 

The limestoiu* cipice on the right bank of the gorge is a little 
out of the p(‘r]>cndiciilar, the u]>per portion of the overhaiigiug 
cliff, supporting the Ahnai militia post being a dean master joint 
face. This vertical scar]) in a rock of such high crushing aud shear¬ 
ing strength fia the present lime.stone will not, except in earthquakes 
of high intensity, endanger its stability, e.specially as the lover 
part of the j)recipice will be supported by the vide flauk of a rock- 
fill dam. This scarp appears to be an old feature and no recent 
landslips were noticed around the spot. The thickness of the super¬ 
ficial stream gravels concealing the bed-rock is not likely to exceed 
the ordinary depth of foundation of a rock-fill dam. 

The longitudinal profile of the Ahnai Tangi, with its most con¬ 
stricted part in the middle, shows ideal structural conditions })eT- 
mitting of wide front and back aprons which will ‘ key the who e 
st.ructure securely. There will be no difficulty in obtaining suit¬ 
able building stone, as the excavation for the spill-way will contri¬ 
bute the greater part of the required amount. The local limestone can 
yield hydraulic lime on burning because of its argillaceous content. 

p 2 



68 


Records of the Geological Survey of India. [ Vol. LXIII. 

The Hinis Tangi Dam Site. —The Hinis gorge is cut across a 
high cliff of Upper Siwalik conglomerate. The strata strike N.N.E.- 
S.S.W. and have a dip of 30°-45° upstream. The narrowest part 
of the defile is 110 yards across, flanked by wall like conglomerate 
cliffs, 200-250 feet high. The rock varies from a gravelly to coarse 
bouldery conglomerate with pebbles of 1-5 inches in diameter, 
crowded in a scanty matrix. There are numerous pockets of loose 
sand and grit. Periodic landslips and a wide belt of scree material 
at the foot of the cliffs are forcible reminders of the instability of 
the valley sides 

The geological structure of the Hinis Tangi dam-site is, accord¬ 
ing to Mr. Wadia, unfavourable. Besides the weak flanking rock 
the foundation would quite likely have to be deep and might be little 
better than a loosely aggregated mass of boulders. Material suitable 
for the rock-fill would have to be carried from some distance, unless it 
were proposed to make use of the more angular boulders from the local 
scree debris. Heavy loss of water, through underground and side per¬ 
colation would have to be taken into account, because of the high 
porosity of the gravels. 

The Kurram Tangi Weir Site. —The proposed Kuxram Tangi 
weir-site is at a narrow part (460 feet) of the Kurram bed, north 
of Bannu, as it leaves the Siwalik hills and enters the wide Bannu 
plain. Upper Siwalik rocks crop out here in low mounds, the out¬ 
crop on the right bank being 400 feet wide, that on the left only 
150 feet. From below upwards, it consists of moderately consoli¬ 
dated sandstone, loose sand-rock, and a bed of pseudo-conglom¬ 
erate, capped by a fairly compact sandstone. There is a great 
deal of lateral variation in the strata, a feature for which the Siwalik 
series is notorious. The dip varies quickly from 46° on "the left 
to 20° on the right bank, this fact doubtless accoimting for the great 
discrepancy in the width of the outcrop on the two opposing slopes, 

A strike-fault of considerable throw occurs about 200 yards 
above the weir-site and brings up Lower Siwalik brick-red clays, 
striking N.-S., in juxta-position with Upper Siwalik beds striking 
in an almost E.-W. direction. The plane of contact of this fault, 
however, appears to be well-cemented by the fine red Chinji clays 
which form one of its walls. 

The composition of the local rocks and this faulted junction would 
not admit of a dam structure being raised at this site, but a weir, 
founded on the better copsolidated beds, especially on the pseudo- 
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conglomerate band, which has an upstream inclination, would be 
free from risks. Mr. Wadia found it impossible to estimate exactly 
the depth of solid rock below the superficial alluvium; it may be 
30 feet or less. The upstream toe of the weir should be well below 
the fault-line. 

The Dareh Tang Dam Site, Kurram Valley ,—The topography 
of the Dareh Tang area provides a reservoir basin of remarkably 
high storage capacity, commanding a wide irrigable area, but a 
very poor site for a dam. The shallow circular depression, through 
which the Kurram meanders on a sandy bed from one to two miles 
wide, carrying a thin sluggish stream, is a real structural basin— 
a synclinal trough with in-dipping rocks on nearly all sides, filled 
with sub-aerial and fluviatile deposits of Pleistocene age. Dareh 
Tang is the only gap in the Shinghar-Marwat range of hills through 
which the Kurram escapes into the Indus basin. 

The rocks at the site consist only of sub-aerial drift sand of Pleisto¬ 
cene or later age, forming much-indented cliffs and mounds about 100 
feet high. The loosely compacted sand beds are tilted at angles 
of 16° to the west. There is no ‘ solid rock ' in situ beneath the 
drift. The depth of sand in the bed of the river must be consider¬ 
able and in Mr. Wadia's opinion beyond the ordinary depth of 
foundation of a dam. 

The most noteworthy feature of the present site is the capa¬ 
cious basin which can l>e enclosed even by a low dam; a 50-foot 
barrier would, for instance, impound a reservoir of 155,000 foot- 
acre capacity. The bed being, however, entirely composed of sand 
to an imknown depth, Mr, Wadia feared (!) that this pervious 
bottom would not allow any water to be held, (2) that the wat .'r so 
lost by percolation would drain underground and gravitate dowm to 
the Indus and (3) that the ordinary amount of silt brought down 
by the Kurram miL^ht not be able to puddle it effectively for many 
years. These fears were, however, considerably relieved by the 
observation of the behaviour of ground water at Thauedarwala 
station, 3 miles west of the Dareh Tangi exit, in a well-boring, the 
only deep bore that exists in this ai’ea. This well is 155 feet deep 
(30 feet of dug well plus 125 feet of tube at the bottom) and the 
spring level of the well is a few inches above the ground level. It 
is thus an artesian well and its existence suggests that the under¬ 
ground water is held under considerable head at 155 feet depth 
an d that its downward and eastward drainage is checked by some 
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obstruction. This single observation, so far as it goes, tends to 
suggest that the Kurram basin is a more or less closed artesian 
basin, the imprisoned water within which is withheld from further 
progress to the Indus by the inward-dipping rocks of the Shinghar- 
Marwat range at its only outlet. This circumstance indicates, in 
Mr. Wadia’s opinion, that if a reservoir can be impounded at Dareh 
Tang the chances are that it will not lose its water by rapid under¬ 
ground drainage, but will tend to raise the permanent level of satu¬ 
ration of the whole area and to improve materially the prospects for 
artesian well-borings therein. 

No description of a masonry or rock-lill dam, however, is pos¬ 
sible at this site with foundation and flanks composed of blown 
sand. A compact earth bund of great width and weight, with a 
floating foimdation, protected by modern engineering devices, is 
the only possibility, according to Mr. W’adia. The banks of the 
Dareh Tang reservoir would need to be strongly protected by vege¬ 
tation, stone-facing, etc., to resist wave action during storms, the 
effects of which against such loose rock might be severe. 

As an alternative measure for obtaining a water supply, Mr. 
Wadia is of the opinion that the installation of pumps in filter- 
cribs at the proposed site is worth serious consideration. Tumping 
at moderate or shallow depths would yield good supplies of water, 
even in the hottest months of the year when the river is dry. 

The Badinzai Darn Site, Zkob River ,—An alluvial flat in the 
upper Zhob valley, 9 miles south of Fort Sandeman, is succeeded 
by a narrow defile downstream, and a dam is proposed in this section 
of the river in order to impoimd an irregularly shaped reservoir 
basin, estimated to contain 2b,000 acre-feet of water, with a 75-foot 
dam. 

The rocks in the gorge are loose, friable, grey and drab clays, 
carrying interbedded thin, flaggy limestones and black-coated sand¬ 
stones, all of which are extensively fissured. The black, serrated 
picturesquely-worn crest of the liadinzai hill is due to a massive 
intrusion of serpehtinised peridotite. Structurally the valley lies 
along the crest of a sinuous anticline, striking M.N.E.-S.S.W., a 
structure best suited to the escape of any stored water by seepage 
from both the sides. No favourable site under such circumstances, 
could be found within the defile. The only site, which in Mr. Wadia’s 
opinion is free from grave risks, is the one close to the neck of the 
gorge, whore, though the structural features of the rock-exposure 
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as Veil as its composition are the same, they would not have the same 
adverse effects on a dam structure situated at the upstream ex¬ 
tremity. 

The present scheme comprises the creation of a retarding or 
delay basin and not an irrigation storage-reservoir; hence a certain 
amount of leakage, which is sure to take place through the po¬ 
rous beds on the flanks, is not of serious consequence. If, later 
on, a storage reservoir be decided on, the water-tightness of the 
site will have been sufficiently tested for alternative or remedial 
measures to be adopted. 

TheBrunj Dam Bite, Zhob River. —Three sites about 11 miles 
N.N.E. of Fort Sandeman for the Brunj dam were examined :— 

(1) W.-by-S. of Brunj rest house, 

(2) 1 mile further upstream, 

(3) Near milestone ‘ 10, ’ 2 miles above Brunj. 

The structure, as well as the composition of the rocks shattered 
shales and clays—at the first two sites is unfavourable. The dip 
of the beds is cither downstream or the strata are buckled into a 
sharp anticline with its axis parallel to the valley ; a dam, conse¬ 
quently, would have to be laid across a large number of bedding- 
planes of shaly, fissured rocks. 

At site (3) the Zhob iKid, 250 yards wide, trav(*r8es obliquely 
a squeezed syncline with Js.Is.E.-S S.W. strike. The rocks are 
fractured sandy shales with bro^^^l, sandy limestone partings. On 
the left bank, only one limb of the sjmcline, with upstream dip, 
is loft uneroded, while the sobtary elevation on the right bank 
consists of the reverse limb of the fold. This locabty might so 
Mr. Wadia remarks—with adequate treatment of the flanks, pro¬ 
vide a tolerably safe site for a rock-fill dam of 50 or GO feet height 
and 300 yards length. Natural saddles exist for a si)ill-way. At 
Brunj as well as at Badinzai there occui* in the valley bed fairly 
large patches of extremely tine marly clay ol great plasticity— 
probably the remains of the old lake-bottom. 

Yitakiri Reservoir a)id Dam Site, Loralai DulricL —A torrent of 
small perennial discharge, having eroded a defile through the middle 
of an amphitheatre-shaped ridge of Nummulitic limestone under- 
Ijdng a wide band of clay, has created a site which, in Mr. Wadia’s 
opinion, is very favourable for the impounding ol a small reservoir 
of some 10,000 acre-fect capacity, by means of an earthen embank¬ 
ment. 
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The Nmomalitic limestone forms a series of parallel strike-ridges, 
with an E.-W. strike and northerly dips, separated by low-lying 
flats composed of fine clayey shales. The basin of the proposed 
reservoir is one such expanse of shaly ground, floored by thick 
impervious clay, ensuring a perfectly water-tight bottom. The 
south wall of the reservoir is formed by the outcrop of the \mder- 
lying limestone, which rises 40-50 feet above the surface with a 
steep dip-slope. The dam-site is a rather wide gap in this ridge, 
which it is proposed to fill in by an earth-and-gravel embankment, 
4,000 feet long, and of 24 feet average height. The outlet sluice¬ 
way will be a tunnel through the limestone, 1,000 feet long. The 
thick, massive beds of limestone, with strike transverse to the 
tunnel, will withstand the pressure and action of water well, and 
will need no lining beyond the sealing up of the bedding-planes 
and joints; the clay section of the tunnel, however, will have to 
be lined throughout. 

Excellent building material for the construction of the embank¬ 
ment exists at the site. 

At the request of the Agent of the North-Western Eailway, 
Dr. Cotter was asked to investigate the question of improving 
Water-supply, water-supply for locomotive boilers at Ra- 

Rawalplndi, walpindi. A trial boring had already been 

N.-W. Railway. gunk in one of the railway yards on the west 

ridge north of the race-course. The depth reached was 930 feet, 
but DO abundant water was forthcoming. Samples of strata passed 
through were forwarded to the Geological Survey office, and showed 
the following section :— 


From top to 160 feot 
160 ft. to 166 ft. . 
166 ft. to 240 ft. . 
240 ft. to 280 ft. . 
280 ft. to 290 a . 

290 ft. to 306 ft. . 
305 ft. to 346 a . 
846 ft. to 370 ft. . 

370 ft to 390 a . 

390 a to 420 a . 

420ata456a . 
456 ft to 470 a . 
470 a to 476 a . 


Oaloareous and arenaoooiis olay (evidently Loom). 

Oaloareous olay with nodnles and with pebbles of lim^tono. 
Calcareous and arenaceous clay. 

Limestone gravel and pebbles. 

Ooi^lomeratio oaloareous olay with boulders of arenaoeons 
limestone. 

Purplish olay with a little limestone gravel. 

Pebbles of hard greyish limestone with foraminifera. 

Greenish oaloweous oonglomeratio olay with pebbles and 
gravel of limestone. 

Aienaoeons and oaloareous olay. 

Pebbles of oaloareous and ferruginous sandstone with oaloar^ 
eons arenaoeons olay. 

Oaloareous olay with limestone gravel 

Pebbles of greyish slaty limei^e with foetid smell 

Oalcareoos ferroginoosolay with limestone gravel 
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475 ft. to 480 ft. . . Arenaceous and calcareous clay with limestone gravel. 

480 ft. to 930 ft. . . Calcareous and slightly arenaceous ferruginous clay with 

limestone graveL 

Rawalpindi is situated on an alluvial basin surrounded by Terti¬ 
ary rocks, of which the Murree series is exposed in the immediate 
neighbourhood of the town on the south and west. The more 
superficial portion of the alluvium is an unstratified loess, but lower 
down it carries gravel and boulder beds. The loess acts as an imper¬ 
vious cap to the water which accumulates in the gravel beds. These 
conditions are exactly similar to those prevailing at Quetta, where 
artesian wells draw water from gravels underlying the loess. Arte¬ 
sian water is found at about 100 feet below the surface of Khana 
Dak near Rawalpindi. Here the country is low-lying, but the 
artesian pressure is so small that the water, according to Dr. Cotter’s 
investigations, refuses to rise more than 6 feet above the ground 
level. Rawalpindi and the west ridge are roughly 60 feet higher 
than Khana Dak, so that an artesian flow is not to be expected ; 
the chances are, therefore, that the water from the basal alluvial 
gravels will rise up the pipe of any well to within 60 feet or so of 
the surface. 

The alluvial deposits rest upon an uneven and denuded surface 
of Tertiary rocks. In the case of the alluvium of the railway yard 
we should expect these rocks to belong to the Murree series. The 
base of the alluvium is usually marked by a boulder bed, and the 
above well section shows a boulder bed, between the levels 280 to 
290 feet, overlying purplish clays. Purplish clays are very character¬ 
istic of the Murree series, but are not found in the alluvium. We 
may conclude, therefore, that the depth of the alluvium here is 
290 feet. Water derived from the Murree series is apt to contain 
considerable quantities of chloride, sulphate, and carbonate of sodium 
and other salts. It is, in fact, very unlikely that water of suffi¬ 
cient purity for locomotive boilers would be found in the Murree 
series, and Dr. Cotter thinks it inadvisable to waste money in search¬ 
ing for pure water in these rocks. Dr. Cotter, therefore, has advised 
that the above boring should be plugged up to the base of the allu¬ 
vium and that samples of water should be taken from the plugged 
well and compared with the water from the Lei river which is now 
being used by the Railway. These samples were examined by Dr. 
Christie, Chemist to the Department, who reports as follows;— 

The Lei water is apparently derived from a well, and not directly 
from the river. Of the waters collected in the vicinity of Rawalpindi 
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that from the Lei well is the best. The water from the Ehana 
Dak tube well, which is some miles away, is very slightly better. 
The water from the trial boring near the engine-shed is like that from 
the eJectric supply station and far worse than that from the Lei well. 
The water from the brewery well has a considerably greater temporary 
hardness; its permanent hardness would probably be about the 
same. 


Dr. Christie expressed the opinion that the Railway should con¬ 
tinue to use the Lei well water of which there is a plentiful supply. 
For boiler purposes this water, considered ou its merits, would be 
classed as poor. It is, however, not past redemption by a soften¬ 
ing plant, and it is, at any rate, an improvement upon the water 
from the railway yard well. Whether the cost of working and 
maintaining a softening plant would be covered by the decrease in 
boiler-cleaning and repairs, in fuel, in the increased number of 
locomotives in service, and in their less rapid depreciation is a ques¬ 
tion for the railway authorities to decide. Dr. Christie tested the 
Lei well water with a Stabler’s softening plant with successful results 
on a small scale. The total dissolved matter was reduced from 
370 parts per million to 149. The carbonate figure dropped from 
188 parts per million to 50. The most important figures are those 
for calcium and magnesium; these were reduced from 86 to 6 
parts per million and from 21 to 7 parts per million, respectively. 

The Hasan Abdal springs in the Attock district of the Punjab 
were examined by Dr. Cotter. There is one large spring north-east 

Hasan Abdal S riii s Rukh’s tomb and a number of springs 

Attock district, Punlab! between the tomb and the Sikh temple and 
also in the Hasan Abdal stream below. The 
temperature of the springs near Lala Rukh’s tomb was found to 
be 58°F., that is to say, slightly warmer than surface water at the 
time of year. As an experiment, one of the springs had been en¬ 
closed and the water directed into a masonry cistern. Within the 
latter the water level rose to no more than 3 inches or so above 
the level at which the spring emerged. From this it was evident 
that the hydrostatic pressure is very low. 

The rocks at Lala Rukh’s tomb, with which the springs are 
assooia^fed, are Triassic limestones dipping in a north-easterly direc¬ 
tion at an angle which at the springs is about 30° and steepens to 
about 60° further up hill. Dr. Cotter is of opinion that the quarry 
which it is proposed to construct in the neighbourhood will cause 
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no damage to the springs. The proposal is to excavate the hill¬ 
side and level ofiE a space the floor of which will be on a level with 
the road. The floor of the quarry would then be about 6 feet above 
the level of the springs and should be dry. Dr. Cotter remarks 
that were the springs under greater hydrostatic pressure, the water 
would probably rise up internally into the hill, but he considers 
that it comes through water-channels in the limestone from some 
distant source such as the Margala hills. TheHasan Abdal hill itself 
cannot constitute the chief catchment area, since it is far too small 
a hill to feed so large and perennial a stream as that of the Hasan 
Abdal. It is well known that water will travel great distances 
underground through limestone. 

Dr. Cotter points out the risk of choking springs by construct¬ 
ing masonry dams or reservoirs around them. Such reservoirs 
retard outflow and flood back the springs, the result being that the 
increased hydrostatic prcssxire drives the water to seek some other 
outlet, while the sluggish outflow encourages choking by permit¬ 
ting the deposition of sand in the channel. If the springs be al¬ 
lowed to flow rapidly, as nature intended they should, they will 
keep their channels scoured out and free from deposit. Unless the 
level of water in the reservoir is below the level at which the spring 
issues, the construction of such masonry dams near the exit of the 
spring is a mistake. 


Hazara 

Punjab. 


In June, Dr. Cotter visited the site of a proposed well in the Civil 
Hospital compound at Baffa in the Hazara district, Punjab. The 
site was composed of thin gravels with solid 
diskitt, granite beneath. It was considered unlikely 
that the granite would be sufficiently per¬ 
meable to yield water at this site. It was recommended, therefore, 
that a supply of water should be taken from a neighbouring spring 
in the hills to the north of the hospital, and that the supply should 
be led to the hospital by a pipe. 

During the normal course of field-work in the eastern part of 
the Salt Range, Punjab, Mr. E. R. Gee, made observ^ations on the 
water-supply of that area for the benefit of 
Punjab!^” Punjab Government. The area examined 

largely comprises the Pind-Dadan-Khan taJisil 
portion of Sheets 43 H/1, H/2, and H/6. Mr. Gee notes that this 
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area might, in the matter of its water-supply, be divided into four 
separate tracts both topographically and geologically: 

1. The main scarp slopes forming the southern face of the 

range. 

2. The plateau to the north, including the villages of Ara, 

Umrila, Basharat, and Lahr. 

3. The alluvial plains between the foot of the scarp and the 

Jhelum river. 

4. The aUuvium-covered area, and adjoining Siwalik country, 

of Waghh and Dhok Chanda, west of Chambal ridge 

(Sheet 43 H/6). 

The larger streams which drain the southern slopes of the range 
are usually fed from fresh-water springs arising out of the hillside 
either from the basal beds of the Magnesian Sandstone group, or 
from the bottom of the Nummulitic limestones. Outcrops of Salt 
marl in the lower courses of these streams in the Chanuwala-Jutana 
tract, cause contamination of the water as the plains are approached. 
Further east, where the Salt marl is absent from the lower slopes, 
saline springs arising out of the purple clay-shales in the lower 
part of the Purple Sandstone group, sometimes render the water 
unfit for human consumption. It is therefore necessary to tap 
the streams above the outcrops of these saline beds. This has been 
done in the case of the Bhadrehu Kas for the supply of water to 
Chanuwala railway station, and also in the case of the western 
stream of the Baghanwala gorge, for the supply of Baghanwala village. 

Mr. Gee observes that the question of supplies of fresh-water 
for certain tracts of the plateau is very acute. During the dry 
weather a number of the springs and wells which exist, almost 
dry up, so that the needs of several adjoining villages have to be 
satisfied, usually quite inadequately, from a single spring or well 
which happens to have struck a more constant flow. In the south¬ 
eastern portion of the plateau, in the vicinity of Ara, conditions are 
more fortunate. Several good springs supply the needs of the 
population, and wells sunk in the alluvium and Tertiary sandstones 
of the Are-Dhok Lohar area, supply water for irrigation purposes 
from a comparatively shallow depth. Further north and west, 
However, the situation is very different. The Nummulitic limestones, 
covered m places with patches of alluvium, are thicker than to the 
south-east and, sinoe the main water-bearing horizon is near the 
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base of these limestones, it is necessary that the wells should he 
sunk to a much greater depth. In several instances wells were 
made in these Nummulitics to a depth of from 80 to 100 feet. In cer¬ 
tain of these an inconstant supply of water has been obtained, while 
others are dry for the greater part of the year. The alluvium of 
the Basharat area, to the east of Mt. Chel, is often very thick along 
certain narrow tracts, which are suggested by Mr. Gee to represent 
old worn channels in the limestones, now filled with alluvium. AVells 
sunk into these limited, deep, alluvial tracts give quite a good supply. 
Several disappointing attempts to obtain water within the Num¬ 
mulitics of this portion of the plateau, at depths usually up to 80 
feet, have disheartened the local population. Were definite water¬ 
bearing horizons first proved by boring, Mr. Gee has reason to 
consider that the villagers would be willing to deepen their wells 
accordingly; as an alternative their needs might be supplied by 
a number of tube-wells. Mr. Gee observes that the main water¬ 
bearing zone is near the base of the Nummulitic limestones, pro¬ 
bably at a depth varying from 120 to 150 feet in the Umrila-Haral 
area, though increasing to at least 200 feet to the south-west. 

The water included in the alluvium at the foot of the scarp in 
those areas where the streams are contaminated by the Salt marl, 
and by saline springs from the purple clay-shales above, is naturally 
slightly saline, and unfit for human consumption. The water-level 
is usually about 20-25 feet from the surface. As we go southwards 
towards the Jhelum river, plentiful supplies of good water are 
obtainable in the shallow wells sunk into the aUuviiim. 

In the Dhok Chanda-Waghh area to the west of the Chambal 
ridge, boulder-alluvium covers the tract at the immediate foot of 
the scarp, and passes westwards into sandy alluvium in the vici¬ 
nity of Naghial and Waghh. Further west the Siwaliks crop out 
dipping steeply to the N. N. E. Wells sunk in the sandy allu¬ 
vium around Naghial and to the north as far as the Bunhar river, 
obtain a plentiful supply of water at a depth of about 30 feet in 
the south and of 15-20 feet as the Bunhar is approached. To the 
southeast of Naghial the water-level is naturally at a greater depth, 
and wdthin the boulder-zone near the foot of the scarp no constant 
supply can be expected. The supply for Dhok Chanda and Dhok 
B^hair villages is obtained from large artificial tanks. Mr. Gee 
s^Kg^sts that by constructing a small dam across the nala just 
south of Dhok (Jhanda, ^t the outcrop of the Purple sandstone, 
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a much larger supply could be reserved. Just south of Dhok Khair 
village a deep well had been sunk in the Middle Siwalik strata, but 
the results were disappointing. Considering the geological struc¬ 
ture of this tract, the absence of water in this well was not surpris¬ 
ing. Mr. Gee has suggested that a well should be sunk in the lower 
ground of the alluvial tract to the northeast of the village. 

At the beginning of the camp-season, Dr. A. M. Heron inspected 
the proposed site for an earthen dam on the Ghurari Nadi near 
Babina, about 15 miles south of Jhansi. This 
vincw”**’ scheme is to be carried out by the agency 

of the Great Indian Peninsula Railway, and is to 
supply water to the civil and military station of Jhansi, and to 
the railway workshops. The proposed dam will be a little under 
a mile in length and about 70 feet high above the present stream- 
bed, and will impound a sheet of water over 2 miles in maximum 
length and breadth, in a wide shallow valley lying within the Orchha 
State. 

A line of bore-holes, 25 in number, and spaced on the average 
about 250 feet apart, had been put down to a maximum depth of 
50 feet, and showed that the alluvium consists of coarse angular 
sand with a varying admixture of yellow clay, and that the bed¬ 
rock is everywhere Bundelkhand gneiss. The latter is really a 
homogeneous, unfoliated granite, varying only in grain. The 
vertical joints of the granite run approximately in N.E.-S.W. and 
N.W. S.E. directions, and, with the horizontal joints, divide the 
rock into rough cubes of the order of a foot to a yard in side. Apart 
from joints, the bed-rock is sound, and little leakage through it need 
be expected, provided that ordinary precautions are taken in foimd- 
ing the clay core or the dam in a trench cut deep enough to be clear 
of decomposed rock and open fissures, and in cementing any cracks 
in it. In any case there is no geological alternative, for Bundel¬ 
khand gneiss of the same character surrounds Jhansi for many 
miles. The overlying alluvium is highly porous, and great care 
will have to be taken to ensure that the clay core of the dam is 
thoroughly impervious. The chief difiSculty of the project will 
be that of obtaining at reasonable rates the large amount of clay 
necessary for the construction of the core of the dam, for the Bundel¬ 
khand gneiss produces a very sandy alluvium, and clay is scarce. 
Dr. Heron has indicated the presence, on the site, of surface patches 
of loamy clay, which may possibly be suitable, ^nd arc at least 
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worth tr 3 dng in bulk under conditions similar to those to which the 
core will be subjected. The extent of these deposits is at present 
unknown. 


ZINC. 

During his survey of Mewar, Dr. Heron examined the ancient 
zinc mines of Zawar or Jawar (24® 21' ; 73® 45'). These are said 
to have been discovered in the reign of Rana 
Merwar, ajputana. Lakha (1382-97) and produced 

lead and silver, and, up to 1766, are stated to have yielded a net 
annual revenue exceeding two lakhs of rupees. They finally 
ceased working at the great famine of 1812-13. The ore consisted 
chiefly of zinc carbonate or smithsonite, with argentiferous galena. 

Workings are numerous in the neighbourhood of Zawar, but the 
principal ones run for over a mile and a quarter near the crest of a 
high ridge above the hamlet of Balria, about 2 miles N.E. of Zawar ; 
they are in vertical gritty Aravalli limestone, one of the several 
lenticular limestones which occur locally in the phyllites. This 
excavation is a vast open-cast, varying in width and depth, with 
vertical sides. Its average breadth is about 80 feet, and average 
depth perhaps 40 feet, but irregular caverns go down an unknown 
distance below the bottom of the open-cast, and it is covered with 
great blocks which have fallen from the sides, or have been left in 
the process of working. No sign of identifiable zinc or lead ore 
was visible either in the workings or the dumps except a few tiny 
stringers of galena. Much iron is present as ferruginous quartz. 
On assay, representative specimens of this gave 2-970 per cent, of 
zinc and 0-041 per cent, of lead. If any definite veins of smith¬ 
sonite or galena have been present, they have been entirely re¬ 
moved. It is believed that the limestone has been replaced by 
silica and iron ore, with subsequent brecciation, as is so common 
in the Aravalli limestones, and that the zinc and lead ores were 
deposited in the fissures of the breccia. The ore appears to have 
been treated in earthen pots, which were heated in groups on a fire, 
and the sublimate collected in long narrow necks projecting from the 
lids of the pots. The light clinker, which still fills many of the old 
pots, gave on assay 7-029 per cent, of zinc and 0-150 per cent, of lead, 
without any copper. Another process has produced a black glassy 
slag, containing 13-761 per cent, of zinc and 3-538 per cent, of lead, 
also without copper. 
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QEOLOQICAL SURVEYS. 

Dr. J. A. Dunn completed his survey of the Aurunga coal-field. 

to the eastern end of which his work was con- 
BlhaVaMd*0ri88a*" ^ * &ned. In the west he had previously found it 
difficult to recognise the clear sub-divisions of 
the Lower Gondwanas above the Talchir series, but in the eastern 
area there was little difficulty in distinguishing the Barakar and 
Raniganj stages and in separating the latter from the overlying 
Panchets. Dr. Dunn found no coal-seams in the Raniganj stage, 
and has thus confirmed the view that these strata are increasingly 
coal-bearing eastwards, being at their best in the Raniganj coal-field. 
All the coal-seams in the Aurunga field are of Barakar age. Dr. 
Dunn has drawn attention to the irregular character of the gneissic 
floor on which the Gondwanas rest directly. In most places the 
Talchirs are missing, a condition evidently due to overlap of the 
Barakars on to the gneisses. In the vicinity of Raj bar the coal¬ 
bearing section of the Barakars is quite 200 feet above the base 
of the stage. North of Tubed, however, the coal-bearing beds 
of the Barakars were found resting directly on the gneisses, thus 
illustrating the irregularity of the gneissic floor and the overlap¬ 
ping of the yoimger beds on to older rocks. In the Tubed area 
the Raniganj stage evidently rests immediately on the coal-bearing 
beds of the Barakars. Dr. Dunn is of the opinion that though 
ironstone shales occur interbedded with the grits of the Barakars 
there is no evidence with which to estabUsh an Ironstone Shale 
stage in the Aurunga coal-field. Dr. Dimn’s opinions confirm those 
of forty years ago when this field was first surveyed by the 
Geological Survey. The c^al is of poor quality and of no great 
economic importance. 

Dr. J. A. Dunn, assisted by Mr. A. K. Dey, Sub-assistant, com¬ 
menced the survey of the Dhalbhum subdivision of Singhbhum, 
including the most important section of the 
mS? and ‘ Singhbhum Copper Belt The ro<!k8 met with 

belong to the Iron Ore series and are similar 
to and probably identical with the rocks previously mapped in western 
Singhbhum. A large part of the work was along a ‘ zone of over- 
thrust ’ which is a continuation to the south-east of the zone of 
overthrust already described in north Singhbhum.* This zone 

» J. A. Pnnn, Mew. Qeol, 8urv. Ind., Vo). LIV. (1020). 
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of overthrust, with which altered volcanic rocks of the Dalma 
type are associated, forms the copper belt in Dhalbhum. To the 
south-west of this belt there is an immense development of 
quartzites in the Iron Ore series. Phyllites, mica-schists, epi- 
diorites, and chlorite-schists are also found. In north Singhbhum 
there is a progressive increase in metamorphism as the rocks are 
followed along the strike west from Chaibassa. In Dhalbhum there 
is found to be a similar increase in the degree of metamorphism of 
the rocks if they are followed to the east and south-east along the 
strike. According to Dr. Durm south and central Singhbhum is an 
* island ’ of relatively unmetamorphosed Iron Ore scries rocks 
surrounded by their metamorphosed equivalents. 

The Iron Ore series in Dhalbhum has been intruded by the Singh- 
bhiun granite. At the border of this granite there is a coarse¬ 
grained rock var)dng in composition from a basic gabbro through 
diorite to granodiorite. It is often veined by granite (sometimes 
a beautiful graphic granite), and is also intruded by later dolerites. 
In zones of shearing the basic rock appears as talc-schist and serpen¬ 
tine, and it is impossible to distinguish these from talc-schists derived 
from Dalma epidiorite. The basic rock insensibly passes into the 
granite, which, in this part of Singhbhum, is really a granite- 
gneiss. It seems to Dr. Dunn that there is every stage in differen¬ 
tiation from basic gabbro, through diorite (often orbicular) and 
granodiorite to adamellite and graphic granite. In his opinion, 
owing to later movement in the acid magma, the boundaries of the 
gabbroitic, dioritic, and granitic types are now distinguishable. 

The Arkasani granite-gneiss of north Singhbhum continues here 
to the east and south-east as a series of impersistent tongues, some 
of them of large dimensions. At Mushabani (‘ Mosaboni ’) one 
of these granite tongues forms the country rock of the copper lodes, 
but is so completely sheared that it has lost its original granitic 
character and in places is best termed a felspathic schist. 

The geo-anticline from northern Singhbhum is prolonged be¬ 
tween the copper belt and the continuation of the Dalma range of 
volcanic rocks. In it occur mica-schists, granulites, and hornblende- 
schists. In places a well-defined bed of quartz-granulite often 
provides graphic evidence of the acute folding and thrust move¬ 
ments which built up the folds to the south and gave rise to the 
zone of shearing within which the copper lodes were formed. Dr. 
Duun records an isolated outcrop of about 1 square mile of sheared 

G 
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conglomerates near Udal (22° 31'; 86° 16'). They arc several 
liundred feet thick and apparently unconfonnable on the epidiorite 
and other schists south of Udal. The age of these conglomerates is 
doubtful, but they are provisionally correlated vnth those found 
in south Orissa by Mr. H. C. Jones. 

During the field-season 1928-29 Sub-Assistant A. K. Dey was 
attached to the Bihar and Orissa party for training under Dr. J. A. 
Dunn, in the Singhbhum district. 

In the field-season 1928-29, an area of about 4(K) square miles 
was mapped by Dr. Krishnan in Gangpur 

BftaTIHd Orissa. B-S.W. ; 

scale : 2 mile8=l inch). The geological succes¬ 
sion, which is referable mainly to the Dharwar system, is subst^in- 
tially tlie same as that deduced during the previous season :— 

Alluvium. 

(rranite, pegmatite and quartz veins. 

■ ■ ■■ P ost-Dharwar movements and uncoiifomiity. 

Granite-gneiss (Augen-gneiss) and mica-diorite. 

Epidiorite. 

Sheared schistose conglomerate. 

Mica schists. 

Calcitic marble. 

Dolomitic marble. 

Mica-schists, phyllites with carbonaceous beds. 

Gondite. 

Phyllites. 

This area is, structurally and lithologically, the westward con¬ 
tinuation of the part of the state mapped during the -previous 
season. It seems likely that this series may prove to be the equi¬ 
valent of the Sausar series in the Central Provinces {Rcc, GeoL 
Surv, Ind., LIX, pp. 77-79), judging especially from the association 
and relationship of the gondites and marble beds, but the paral¬ 
lelism is obviously far from complete. 

The axial direction of the anticlinorium is W.S.W.-E.N.E. ex¬ 
cept near the western end where it becomes S.W.-N.E. The pre¬ 
vailing dip is towards the S.S.E. (or S.E.) and only occasionally 
is a reversal of the dip to the opposite direction noticed. Some of 
the beds—as for example the dolomite-limestone band- are repeat¬ 
edly folded in the nature of isoclines. There is clear evidence 
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along the western margin of this area (approximately along longi¬ 
tude 84° 7', and between latitudes 22° 7' and 22° 12') that the stnic> 
ture begins to close up, as is seen in the nearly easterly dip of the 
schists and the considerable narrowing of the distance separating 
tte outcrops of the conspicuous members of the series. 

Along the core of the anticlinorium is a fairly thin band of gond- 
ite, marked by a number of manganese quarries. The south- 
westernmost outcrop of gondite is situated some 24 miles S.W. of 
Ghoriajor (22° 2' 30" ; 84° 8' 30") and is probably the last outcrop in 
this region. 

To the east of longitude 84° 12' the gondite occurrences contain 
only quartz-spessartite rocks, but west of it the rocks show other 
manganiferous minerals also—rhodonite, rhodochrosite, a pale yellow* 
slightly pleochroic pyroxene, and another beautifully pleochroic 
pyroxene. The last is purplish or browmish purple in hand speci¬ 
mens, with the following scheme of plcochroism in polarised light:— 

a. carmine pink, 
b* indigo or light j)urple. 
jC, deep greenish blue. 

This miiH*ral, according to Dr. Krishnan, is probably blanford- 
ite (cf. Mem, GeoL Surv, Ind,, XXXVII, p]). 125-26). 

The occurrence of these silicates is thought to be indicative of 
a higher grade of metainorphism here than is found further east, and 
enables us to compare these deposits wdth those of the Central 
Provinces. This part of th(‘ manganiferous band is, moreover, 
economically more imjK>rtant than the more eastern part, as the ore 
is of a better type. In passing it may be mentioned that the 
Ghoriajor group of quarries was closed down in 1928 as the manga¬ 
nese bed was found to dip steeply and was hence unsuitable for 
the opencast working methods hitherto followed here. 

At several of the gondite outcrops this rock has been definifoly 
noted to be conformable with the phyllites and mica-schists, which 
form the country rock, so that the gondites form essentially a part 
of the sequence. 

Dr. Krishnan reports that the limestone-dolomite beds, which 
can be traced at intervals along a line ])arallel with, and south of, 
the gondite occurrences, seem to be younger than the gondites and 
separated from them by a thickness of phyUites and mica-schists. 
This band here contains a greater amount of impurities than the 
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occurrenceB further east, and the higher grade of metamorphism 
seems to have converted them into calc-gneiss with tremolite, diop- 
side, and phlogopite. The northern limb of this band, which is so 
conspicuous a member of the series in the adjoining eastern por¬ 
tion, does not occur in this area, having possibly been pinched 
out. 

Over the greater part of this area mica-schists are the most 
prevalent rocks; they are partly phyllites and partly well crys¬ 
tallised mica-schists containing porphyroblasts of garnet, biotite, 
pennimte, and occasionally staurolite. These porphyroblasts are fre¬ 
quently seen to lie at an angle to the schistosity of the groundmass, 
thus indicating a period of folding movement posterior to their 
formation—a movement which was, however, unable to rotate them 
enough to bring them into conformity with the new foliation im¬ 
posed on the softer materials of the groundmass. Another pecu¬ 
liarity is that the porphyroblasts occur also in schists which are 
only phyllites or sericite-schists. Dr. Krishnan remarks that the 
presence of these larger crystals can in these cases be explained as 
due to the formation at a time when the rocks were subjected to 
conditions of a deeper zone of metamorphism than in the final 
stage when epi-zone conditions prevailed, the metamorphism being 
thus regressive. A third peculiarity is the almost universal pre¬ 
sence—especially in the schists containing garnet—of small quan¬ 
tities of tiny laths of bluish pleochroic tourmaline in the ground- 
mass. This would indicate either (a) that the necessary boron was 
deposited originally with the argillaceous sediments, or (5) that it 
was subsequently introduced by the underlying granitic masses 
during the course of a long series of changes to which th^se rocks 
were doubtless subjected. The former contingency merits considera¬ 
tion since, in several parts of the present area, the mineral occurs 
in schists far removed from any visible granitic intrusion. It has 
to be borne in mind, however, that the area may be underlain by 
granitic rock, as evidenced by the ubiquity of quartz veins through¬ 
out the region mapped. 

Some of the carbonaceous schists contain abundant crys¬ 

tals of tourmaline (micro-slides 20108, 20129), presumably formed 
during metamorphism. The tourmaline is a lightly pleochrmc (pole 
orange-yellow to colourless) species, probably one poor in iron. In 
other cases (slides 20091, 20107) a mineral with ch^actere near 
those of ottrelite was also noticed^ 
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The sheared schistose conglomerate was seen to continue in a W.S.W. 
direction without a break to Tatranga (22° 7'; 84° 17'), Three 
isolated outcrops were found along the same strike further south¬ 
west, the last being near Amasranga (22° 1'; 84° 10' 30"). The 
conglomerate was found to contain pebbles which are partly original 
—mainly of quartz and also of tourmaline-quartz rock—and partly 
autoclastic. Shearing was clearly in evidence especially along the 
southern part of this bed. Whether thrust-movements have also 
been associated with shearing, cannot at present be stated, as the 
region south of this zone has not yet been mapped. 

Along parts of the northern margin of this area occurs a granite- 
gneiss with conspicuous felspar and quartz augen (sps. 40/4G, 40/172), 
some of which are more than 1| inches long. This gneiss conforms 
to the general foliation and hence must have been intruded into 
the original sediments, having been involved, together with them, 
in the post-Dharwar movements which affected the whole area. In 
association with, and probably intrusive into, the granite-gneiss, is 
a small mass of coarse mica-hornblende-diorite (sp. 40/180) occur¬ 
ring near Dumarbahal (22° 14'; 84° 7' 30"). 

The opidiorite sills were also intruded into the sediments at 
probably the same time as the granite-gneiss, as they have also been 
affected by the folding. They are all completely metamorphosed 
representatives of original basic intrusive*^, containing hornblende 
(some actinolite), orthoclase, albite-oligoclase, quartz, clinozoisite, 
ilmenite, sphene, and magnetite. Dr. Krishnan thinks they arc very 
likely part of the Dalma volcanics oceurring in northern Singhblium. 

In contrast with the granite-gneiss, there are granites and asso¬ 
ciated quartz veins belonging to an age posterior to the folding 
movements. These are distinguished from the foimer by the general 
absence of gneissic structure, the poverty of dark minerals, and the 
presence of granitoid texture. There arc two large exposures of 
granite in the central part of the present area, occupying approxi¬ 
mately 20 and 8 square miles, respectively. These are probably 
the equivalents of the granites of south Singhblium and Keonjhar. 

Thick mantles of alluvium occur very extensively in the southern 
half of this area, obscuring the solid geology. 

During the field-season 1928-29 the Burma party consisted of 
Dr. J. Coggin Brown (in cheuge), Messrs. G. V, Hobson, E. J. Brad¬ 
shaw, P. Leicester, V. P. Sondhi, and B* B, 
Gupta and Dt. H. L. Chhibber. 


Biirmt Party, 
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Dr. J. Coggin Brown mapped part of Sheets Nos. 93 D/d and 

D/13, lying between latitudes 20^ 46" and 21® and between longi- 

« ... . tudes 96® 40' and 97®, comprising portions 

Southern Shan S^rtes. / ox . x i Ti -x 

of the States of Poila (Pwehla), Pangtara 

(Pindaya), Mawson (Bawzaing) and Kyawktap. The adjoining 

sheets to the south, 93 D/10 and D/14 contain the Loi-an 

coalfield, examined by Dr. G. de P. Cotter in 1921-22 and mapped 

in part by the late Captain F. W. Walker during the same 

year^ The Kalaw ranges of the latter sheets with their 

enfolded Mesozoic rocks trend to the north-west and fill in the west¬ 


ern part of the present ones around the headwaters of the Panlaung 
river and its tributary the Taklet chaitng. The Tertiary deposits 
of the valley of Thamakan (Hsa-mong-hkam of the Shans) soon came 
to an end further north. The Thamakan and Heho ranges wrap 
around the northern extremity of the Heho plain and, continuing 
north through Kyawktap (20® 51'; 9G® 48' ’SO'"), the latter forms 
the highlands of Mawson while the former is found again in the high 
ridge near Poila (20° 51'; 9G® 44' 10"). The northern extremity of 
the Yawnghwe plain occupies the south-eastern portion of the 
sheet and is separated from the Kunlon plain by a low divide. Just 
off the sheet on the east the great Taunggyi ridge with peaks of 
5,600 and 5,800 feet completely overshadows the surrounding 
country, while the Mawson highlands rise like cliffs from a sea 
on the west of the Kunlon plains. The Zawgyi valley drains 
north, through the narrow upland of Pindaya (20® 66' 45" -, 9G® 43') 
which in its turn is bounded on the west by the wall-like escarjment 
of the Pindaya range. Otherwise the country consists of open 
grassy downs crossed by rocky limestone ridges. It poasesses a 
karstic character and has a highly developed underground water 
system with its usual accompaniments of disappearing streams, 
cauldron valleys, pot-holes, and caves. 

The Plateau limestones which fringe the Loi-an coalfield on the 
east and extend under the Thamakan plain, to reappear again in 
the range of the same name on the east, are described by Dr. 
Coggin Brown as folded into gentle, approximately N.-8. trending 
flexures. Towards the north on Sheets 93 D/9 and D/13, the 
eastern bundle of these comes to an end on the southern slopes of 
the Mawson dome while further work is expected to prove the 


^GcDoni Report, 1924; Rec. Oeol. Surv, IruL.^ Vol. LT, pp. 33-34. 
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existence of a major monocline to the north of Kyong (20'^ 47' 15''; 
96° 41' 30") which further north still develops into a fracture and 
forms the eastern scarp of the Pindaya range. Conditions in the 
eastern hills of the Mawson dome are too ill known to hazard 
any theory of their relationship to the plains below. The diversity 
of dips in the Heho ridge, the rocks of which are believed to be 

identical in part with those of Mawson rather than with the 

Plateau limestone with which they have hitherto been classified, 

does not lead to any useful conclusions as yet. 

The formations met with have been grouped by Dr. Coggin 

Brown as follows : — 


Alluviuni and high-level pebble deposit*) 

. Recent and Sub-Recent. 

Residual deposits 

. 

Ditto. 

Lacustrine deposits . 

. 

. Plio-Pleistocene to Recent. 

Upfier Plateau limestone . 

. 

. Permo-Carboniferous. 

Lower PlaU^au limestone . 

. ♦ 

. Devonian ? 

Pindaya beds . 

. 

, Ordovician. 

Orthoooras beds 

. 

. Ditto.? 

Mawson neries 

. 

. Perhaps Ordovician or Silu 
rian. 


True river-borne alluvial deposits are scarce and insignificant. 
The Heho plain is an old filled lake basin, the central parts of which 
are still water-logged and marshy. The Yawnghwe basin contains 
the Inle lake which is about 14 miles long and 5 miles broad. Dr. 
Brown remarks that there is a very intimate connection between the 
three valleys of Thamakan, Heho and Yawnghwe. The lowest point 
of the former is 4,130 feet above sea level, the heights of tlie other 
two are 3,786 and 2,915 feet, respectively. There is thus a pro¬ 
gressive decrease of level corresponding to 345 and 870 feet from 
the first to the third. It appears, therefore, that the lake deposits 
of Yawnghwe have been continuously forming from Plio-Pleistocene 
times to the present day, that in the Heho valley accumulation 
stopped in comparatively recent times and that the Thamakan valley 
became dry at an earlier date. The high-level pebble beds described 
below prove that recent uplift has taken place. 

The Taunggyi range, where it overlooks the Inle valley in the 
south-western corner of Sheet 93 H/l, is fronted by a w'ell marked 
platform rising some 300 feet above the level of the plain. Stream- 
bed sections through this reveal clays, sands, and thick interbedded 
pebble beds. Their presence here, as Dr. Brown points out, indicates 
a general uplift of the country in comparatively recent times a 
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force which seems to have had more to do with the draining of the 
old lake basins than silting helped by vegetable growth, or than 
drainage caused by the deepening of the exit channels through 
limestone solution in the normal progress of events. 

The universal mantle of red clay, which covers the lower parts 
of the areas occupied by limestone, accumulates in all situations 
possessing a gradient sufficient to retain it during the rainy season, 
and gives the country as a whole, with the exception of the rocky 
ridges, a very mature appearance. It differs in no way from the 
‘ terra rossa ’ of the Northern Shan States. Its thickness varies 
greatly from a few feet on the lower slopes to as much as 30, 40 
or 60 feet in the hollows. It is carried down the underground water 
circulation channels into joint and fracture planes, into solution 
cracks and cavities and is then found in mining operations at depths 
of himdreds of feet. 

There are numerous more or less level expanses of residual soil 
at considerable elevations. The smaller ones in valleys of enclosed 
drainage originate, according to Dr. Coggin Brown, through the 
blocking of the inlet fimnels into the underground circulation 
system. In some of the larger ones the former existence of lakes 
is suspected but not proved. The gradual creep of soil and clay 
from surrounding hills results in the blanketing of the lower slopes, 
and in the gradual merging of deposits but little removed from 
their original situation with materials which have probably been 
transported from greater distances. 

Mr. C. S. Middlemiss was the first geologist to draw attention to 
the elongated outcrops of late Tertiary lacustrine deposits amongst the 
strata of his Great Limestone zone.^ They are coarse loose conglo¬ 
merates and pebble beds with banks of sand-rock, clays, and loams. 
They are horizontal or with only insignificant dips. The best ex¬ 
amples exist in the Thamakan valley and they do not appear to 
extend as far on to Sheets 93 D/9 and D/13 as has been previously 
supposed. 

Representatives of both sections of the Plateau limestone occur 
on the sheets, but it did not seem possible to Dr. Coggin Brown 
to map them separately. The rocks of the Thamakan range and 
its extensions to the latitudes of Poila and KyaWktap belong to this 
formation. Typical breociated dolomites occur near Kyong. The weft- 
tern boundary was found in traverses to the west of Poila and Pindaya 

1 Qeoenl report for 18994900, page 147. 
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wh^re the group forms a narrow band at the foot of the Pindaya 
range, stretching north and south and giving place to the older 
Ordovician rocks further west. On the east it abuts against the 
older rocks of the Mawson highlands but the exact boundary is 
obscured by great spreads of thick residual soil. The occurrence 
of Fusulina sp. just to the east of Pindaya and of Lyttonia sp.^ 
with clisiophyllid corals near Nyaungkaya (20° 54' ; 96° 46' 30"), 
proves that the limestones hereabout belong to the upper or 
Permo-Carboniferous section of the Plateau limestone. When these 
rocks arc unfossiliferous it becomes a difficult matter and sometimes 
an impossible one to differentiate between them and the older 
limestones of the Mawson beds. In the extreme north, i.e., beyond 
Kyauksu (20° 58' 45"; 96° 44' 15") the area has not been 
examined and it is not known what happens to the band in that 
direction. 

The name Pindaya beds has been given by Dr. Coggin Brown 
to the rocks which build the Pindaya range between the band of 
Permo-Carboniferous limestone which forms the frontal scarp, over¬ 
looking the Pindaya valley on the west, and the crest of the range, 
as far as it has been traversed, to about longitude 96° 40'. After 
ascending the first steep scarp a gentler sloping platform is reached 
where the calcareous shales, slates, and bands of argillaceous lime¬ 
stones of this group are found. In the southern traverses about 
Poila and Ye-o-sin (20° 53' 30"; 96° 42' 15") shales, slates, and 
mudstones are more frequent than in the northern traverses between 
Pindaya and Zawgyi. In both parts, however, there is a marked 
development of limestone horizons, generally a hard, massive, 
bluish-grey, calcite-veined rock, often bearing patches and seams of 
argillaceous matter and sometimes containing well laminated but 
contorted marly bands. These rocks form the characteristic light 
brown soils of the higher parts of the range and have given rise 
to the intricate system of small cauldron valleys which everywhere 
soar its surface. The rocks as a whole dip S.E. and E.S.E., under 
the outer and younger Permo-Carboniferous band, though there 
are evidences of folding, confined to themselves, further west into 
the range. The only locality which has yielded identifiable 
organic remains is between Ye-o-sin and AVa-bya (20° 53' 25"; 
96° 41' 15") where the mudstones are fossiliferous and the brachio- 
poda are taken provisionally to indicate a Lower Naungkangyi age* 

^ £)ot6nuiiied by Dr. Stanley Smith of Bristol University. 
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Fossiliferous Naungkangyi rocks have also been found by Dr. 
Goggin Brown on Sheet 96 H/1, near Sale (20° 48'; 97° 1') where 

blotched brown and light red mudstones contain badly preserved 
remains of cystidean plates, fragments of trilobites, and small 
Orthidae. 

The Orthoceras beds form the greater part of the western limb 
of the Mawson anticline. Dr, Goggin Brown reports that they are 
generally hard, flaggy, pink, purple or reddish argillaceous lime¬ 
stones, with a peculiar ‘ augen ’ structure which on weathering 
causes them to develop a characteristic pattern resembling that of 
crocodile hide. They recall the ‘ knollenkalk ’ of German authors. 
They often contain large crinoid stems and numerous specimens of 
Orthoceras. Good sections of these beds are displayed in the valley 
to the east of Pawmye (20° 58' ; 96° 46' 15") and on the flanks of 
peak ‘ 4,613 ’ N. hi, of Nyaungkaya. In the former locality they 
seem to be underlain by yellow sandy mudstones with badly 
preserved and indeterminable fossils not unlike Naungkangyi remains. 
They sometimes pass into thinly bedded, calcareous shales, generally 
very contorted or sheared but often containing bent and broken 
specimens of Orthoceras sp. 

This cephalopod is common in the Nyaungbaw limestones of the 
outer platforms of the Northern Shan plateau while there are ac¬ 
counts of these and similar rocks, particularly in the earlier writings 
of LaTouche and P. N. Dutta, which would apply to the beds 
under description. The Nyaungbaw beds form the uppermost 
division of LaTouche’s Ordovician system, but taking into con¬ 
sideration the extended time range of Orthoceras and its c*08- 
mopolitan character together with the notorious tendency of the 
Naungkangyis to rapid lateral lithological changes, Dr. Goggin Brown 
prefers not to attempt any correlation of these Orthoceras beds 
with distant determined horizons until they have been examined 
more fully. 

The Mawson series forms the eastern part of the Mawson high¬ 
lands and its true relationship to the rocks just described is not at 
present apparent. There does not appear to be any marked un¬ 
conformity between them, but both this and the further question 
as to whether the Mawson dome is faulted along its crest must 
be left for more detailed mapping in the hope that sections will be 
found where the crucial junction zones are not hidden. The inter¬ 
pretation of the geology of this region consists in attempting to 
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join together small, isolated and generally unfossiliferous rock ex* 
posnres separated by large expanses of residual soil, thick enough 
to hide the underlying strata completely, and in no case is this more 
evident than in the present one. 

There are, how<*ver, differences which make it necessary, in Dr. 
Ooggin Brown’s opinion, to separate the rocks of western Mawson 
from those on the east. The ‘ augened ’ limestones, slates, and 
sandy shales give rise to a definite type of topography different 
from tliat of the \\est, where thick limestone bands, separated by a 
few strongly developed sedimentary beds, persist across country in 
a way the others do not. These limestones form escarpments in 
the east which art* wanting in tlie west and it is from their presence 
that the placing of ’ sketchy boundary line has been attempted on 
the map. They arc usually homogeneous, light greyish blue or 
brown, hard, compact, calcite veined, finely crvstalline rocks and 
have yielded no f<)s^iIs except a single specimen of Orthoceras sp. 
from Singaung (20^ 50' ‘h)" ; 90° 49'), while the arenaceous shales 
which lie between them have only yielded one specimen of a 
brachiopod, a member of the Strophonu^mdac family probably 
related to the genus Schuchertrlla, from Theingon (20° 50' 15" ; 
90^ 50' 15"). 

The series continues south and probably forms most if not all 
of the Hello range. The lead-silver ore deposits of Mawson lie 
very largely but not entirely within these rocks (^ee * Lead and 
Silver ’). 

Messrs. 0. V. Hobson and P. Leicester were deputed to continue 
the geological survey of the Northern Shan States from latitude 

^ c '^3° 15' in a northerly and north-easterly 

Northern Shan States. ^ r 

direction to the Llimese frontier. Mr. Leicester 

was given the western half of sheet No. 93 E/7, the main object 

being to map the contact between the Tawngpeng granite and the 

Chaung Magyi series. He was, however, transferred to the Amherst 

district in February, by which time he had traced the granite 

boundary as far as longitude E. 97° 25'. 

Mr. Hobson commenced work on Sheet 93 E/7 to the east of 
the Nam Tat and completed the survey of this sheet to the east 
and north*east and also the north-western half of Sheet 93 E/ll, 
a total of about 250 square miles. He found that the belt of 
PalaBozoic sediments running roughly north and south across Sheet 
93 E/8 passes on to Sheet 93 E/7 but at once makes a turn to the 
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north-east and diminishes very considerably in width. These sedi¬ 
ments form a range of hills in marked contrast to the topography 
of the Plateau limestone to the south-east. The Plateau lime¬ 
stone forms a fringe along the foothills of the above range and is 
then covered with younger sediments mainly of Rheetic age. This 
covering is much more complete than appears to be the case further 
south, and suggests that the marine transgression was from the 
north-east, i.e., from Yunnan. The occurrence of a series of un- 
fossiliferous dark grey, thin-bedded limestones with interbedded 
sandstones, passing up into carbonaceous sandstones, is reported from 
between the Plateau limestone and the Rhsetic beds. Mr. Hobson 
tentatively calls these rocks the Passage beds and suggests a pos¬ 
sible Noric age on the grounds of analogy with rocks in Yunnan. 
At one point only a muddy limestone was found containing 
typical Jurassic brachiopods as described from the Namyau 

series. 

Mr. Leicester traced the granite boundary mapped by Dr. J. 
Coggin Brown in the sheet to the south from a point one mile west 
of Tunswe (Tunhso) village (97^ 17' 25" ; 23'" 15' 30") northwards 
to Loi-hsawng (97° 18' 14"; 23° 20' 35") where it becomes irregular 
and eventually sweeps east-north-eastwards south of the Loi Lem 
ridge to where it crosses the main caravan route from Namhai 

(Mongmaw) to Nam Kham, two-and-a-half miles south of Oi-Law 
viUage (97° 26' 40"; 23° 28' 2"). 

The granite is a simple biotite variety with orthoclase in excess 
of plagioclase. In places it is traversed by small veins of tour¬ 
maline but the most striking feature of the area is the remarkable 
degree of its sericitisation in certain places. Around Kawnghsong 
(97° 16' 31"; 23° 19' 15") the granite is altered into a 

quartz-sericite-schist over an area of nearly four square miles. 
Microscopic examination of thin sbees of the schist shows two main 
types:—(a) a coarse variety consisting of large crystals of quartz 
in a groundmass of sericite laths and quartz and (6) a finer variety 
composed of a fine aggregate of fibrous sericite and quartz. The 
rock weathers into roimded grey boulders which strongly resemble 
granite at a distance but the white scars of slips on the hillsides 
betray the presence of the schistose rock. Other areas exist on 
the northern slopes of Loi Lem, south of Man Sak (97° 21' 
30"; 23° 26" 47"), around Nawngput (97° 24' 3"; 23° 28' 23") and 
elsewhere to the north-east. It is interesting to note that the 
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sericitised granite is associated in many cases with intrusions of 
basalt and amphibolite and that the granite is traversed by numerous 
faults, the fissures of which are filled with quartz. 

The Chaung Magyi series borders the granite to the south and 
east and is here composed of quartzites, sandstones, slates and 
shales. Where the rock is not fresh it is difficult to distinguish 
the sandstones and shales from the unfossiliferous representatives 
of the newer formations which rest upon them. In the meta^ 
morphic aureole, however, bordering the granite, the Chaimg Magyifc 
are converted into hard quartzites, sometimes felspathic, and mica¬ 
ceous slates and phyllites. 

In the south-west of the sheet the Pangyun beds border the 
Chaung Magyi series along the boundary of a distinct fault which 
runs from south-west of Penglun village (97° 18' 48"; 23° 14' 47", 
Sheet 93 E/8), across the ridge just south of this place and north¬ 
eastwards towards the southern end of the limestone peak of 
Loi Kyaktaw, 6,198 feet. The belt of Pang}um beds is here less 
than a mile broad and is overlain by a nariow band of fossili- 
ferous Naungkangyi l.eds upon which rest the Namhsim sand¬ 
stones. 

Two outliers of Plateau limestone were mapped north of the 
Penglun outlier, also a small outcrop of limestone on the Chaimg 
Magyi-Pangyun fault line where this cuts the track between Pang- 
nang and Pangkaw. 

After working in the Northern Shan St^ates Mr. Leicester was 
deputed to continue his work in the Amherst district where he 

, ^ . mapped parts of Sheets 96 E/13 and E/14 

Amherst Oibtrict. , , ^ , rm. m 

before going on leave. Ihe Taungnyo range, 

which is composed of sandstones, quartzites, shales, and slates, 

continues southwards and terminates in the southern portion of 

Sheet 95 E/13 where it meets the northern boundary of the granite 

boss which sweeps inland east-south-eastwards from the coast. 

The granite is for the most part a normal medium-grained 
biotite variety and resembles that of the coast near Amherst. 
Inland on the densely wooded slopes of the granite ridges exposures 
are naturally neither so plentiful nor so clear as on the coast, but 
as the sedimentaries are approached the banded and gneissic struc¬ 
ture so characteristic of the coastal granite becomes evident. 

Homblende-biotite granite (adamellite) with accessory sphene 
apd epidote occurs south-east of Sakangyi (97° 47' 12"; 16° 60' 31") 
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and in other places. Within the metanxorphic aureole the biotite- 
granite frequently contains tourmaline and veins of tourmaline, 
and micro-pegmatoid rock ; in places it carries quartz stringers 
with grey and greyish-brown cassiterite. 

As the contact with the sedimentaries is approached a belt of 
very characteristic metamorphic rocks appears consisting of augen- 
gneiss and banded granulite. Mr. Leicester described these as 

the typical metamorphic rocks of the northern part of the Amherst 
district. 

The augen-gneiss usually consists of quartz, orthoclase, and 
microcline with a little subordinate plagioclase and biotite in the 
form of whisps which sweep round the contorted crystals of quartz 
and felspar. The granulite is a finer-grained rock which when 

weathered strongly resembles a schist. It usually contains mag¬ 
netite and often small pink garnets while in places a hornblende 
variety is found. 

Near the granite boundary the sandstones and shales of the 

Taungnyo range give place largely to quartzites and slates, strongly 
resembling the rocks of the southern part of the district in the 

Ye-Lamaing township, which are continuous with the rocks of 
the Mergui series of Tavoy. 

Within the area surveyed Mr. Leicester was able to examine 
carefully a few contacts between the Moulmein limestone and the 
sandstone-shale series. In spite of considerable faulting in many 
places it was possible to establish that the Moulmein limestone 
overlies the sandstones and shales of th<‘. Taungnyo range, for 
which Mr. Leicester suggests the name Taungnyo series, after 
the range of hills on which they are so well exposed. Whether 
or not there is any considerable unconformity between the two 
formations it is at present impossible to say, but in view of the evi» 
dence already obtained, Mr. Leicester is inclined to believe that 
there was no great lapse of time between the deposition of the 
shales comprising the upper beds of the Taungnyo series and the 
limestones. 

Should this prove to be true it would be necessary to assume 
either that the Taungnyo series is younger than the Mergui series 
or that in reality the Mergui series is of more recent age than at 
present assumed, its greater degree of metamorphism being due to the 
extensive granite intrusions of the country to the south. If also, 
as seems probable, the Moulmein limestones are overlain by Permo- 
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Triassic beds corresponding to the sandstones and shales of the 
Martaban group, the Taungnyo series may eventually be found 
to comprise an unbroken sequence of Bedimentaries ranging from 
early or pre-Carboniferous times to the Trias. 

Close to Lutshan village (97® 54' I''; 15® 47' 34"') are three 
outliers of massive blue and grey limestone, two of which are 
seen overlying the shales and slates of the Taungnyo series. 

The largest outcrop of the limestone is that of Lutshan Taung 
which on three sides rises precipitously above the laterite and 
alluvium of the plain. Dip-slip strike faults may \)e seen running 
north and south through the limestone and the western end of the 
outcrop is bounded by a fault with a downthrow to the east, bring¬ 
ing the limestone, which dips between 30® and 40® eastwards, against 
the slates of the Taungnyo series which have the same strike but 
a steeper dip of 55®. Here the different dips suggest an uncon¬ 
formity but the actual line of contact is obscured by talus and the 
quart.z contained in th(‘ fault fissures. 

The outcrop to the west, situated on the (‘astern slope of Ka- 
mawseikto Taung, is also traversed by faults and in places great 
slabs of limestone* may be seen di]>ping 8t(*eply eastwards but not 
so steeply as the underlying shales which are here nearly vertical. 
At the highest point at the north-western end of the outcrop, 
however, there is no evidence of a fault and the limestone may be 
seen in contact with slates dipping conformably with it at 74® 
to the east. 

The limestoiu* on the southern face of this outcrop is much 
sheared and slickensided and the mapping suggests a dip fault 
of considerable extent. 

A point of interest is that in a small cave in the southern face 
of Lutshan Taung a number of stalactites may l:>e seen hanging 
at 35® from the vertical. This phenomenon indicates that the 
limestone has been tilted nort^hwards since the formation of the 
stalactites, possibly by comparatively recent slipping along old 
fault pianos. 

Tn the neighWrhood of Tanyin (97® 57' 12"; 15® 44' 21") 
Mr. Leicester again observed contacts between the calcareous 
rocks and the arenaceous-argillaceous series. In the main ridge 
west of Hanyiti the quartzites and slates have a N.-by-W. strike 
with a steep easterly dip and at Lay Pho Taung, about half a 
mile south-west ol Tanyin, the Moulmein limestone may be seen 
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dipping eastwards at 60® with a strike N.30®W. At the northern 
end of the hill slates may be seen on either side of the limestone 
bnt the actual contact is obscured. 

One-and-a-half miles east of Tanyin is the long steep range of 
Beke Taung, composed of massive blue and grey limestone with 
a strike N.6®W., and a westerly dip of 66® where it disappears 
beneath the laterite of the central plain, which here becomes narrower 
and eventually gives place to hilly country to the south. In 
the stream bed east of Beke Taung the contact of the limestone 
with the slates is again visible. Both have the same steep westerly 
dip and are crushed and contorted. The actual line of contact 
is wavy and the two series" have obviously been folded together. 
The limestone at the base passes into a cleaved calcareous shale 
and in the absence of evidence of a fault at the contact there appears 
to be little if any unconformity. 

The Beke Taung range comes to an end about a mile north 
of the pass east of Tanyin but is continued northwards by another 
ridge half-a-mile to the east and it seems probable that this break 
in the ridge may be accounted for by a strike-slip dip fault similar 
to that at Lutshan. At the western side of this ridge both the 
limestone and the slates and quartzites have a N.-S. strike and 
vertical dip. 

Mr. Leicester considers that no definite conclusions can be 
reached regarding the relations of the Taimgnyo series and the 
Moulmein limestone until further contacts have been examined 
and he believes that two traverses across the Amherst district 
from west to east, one in the north and the other in the south, 
would greatly assist in the elucidation of the stratigraphy of the 
district and simplify the mapping of the individual sheets. 

As already stated, the evidence at hand proves only that the 
Moulmein limestone overlies the sedimentaries of the Taungnyo 
range, but it seems probable that the limestone is overlain by 
higher beds of the series which will eventually be correlated with 
the Permo-Triassic rocks of the Martaban group lying beneath 
the laterite of the central plain. The successive limestone ridges 
would belong to the same band thrown up by a series of folds. 
The easterly dip of the limestones on the west, the westerly dip 
of the Beke Taung limestone and the similar dip of the quartzites 
and slates suggest a syncline beneath the plain. That arenaceous 
rocks do occur beneath the laterite of the plain has been proved 
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by the series of boriDgs described in a paper by Mr. Fryar on ex¬ 
ploration for coal in the vicinity of Moulmein.^ 

There is at present no direct evidence of any great unconformity 
between the Moulmein limestone and the Taungnyo series and 
the change observed in the direction of dip from arenaceous through 
argillaceous to a calcareous facies is one consistent with the condi¬ 
tions to be met with in a gradually deepening sea. The isolated 
occurrences of limestone on the slopes of the Taungyo range can be 
accounted for by faulting assuming the limestone resting upon 
the upper beds of the series to have been denuded elsewhere. 

In the course of his survey Mr. Leicester discovered a small 
cave in the eastern side of Naungkwe Taung (97° 65' ; 15° 60') 
with a bone bed, varying from a few inches to four feet thick, 
lying between the limestone floor and a covering of stalagmite from 
eight inches to several feet thick. The bones are very plentiful but 
mostly fragmentary and lie in great disorder in a matrix of red¬ 
dish-brown earth. A large amount of material has been removed 
by the local villagers who were under the misapprehension that they 
would find buried treasure, but a considerable quantity of material 
remains to be excavated. Mr. Leicester made a collection of bones 
and teeth which have been identified by Dr. Pilgrim and Miss 
Bate of the British Museum as belonging to species of bear, pig, 
ox, deer, and antelope. 

Occurrences of grey and greyish-brown cassiterite in the Isteritic 
talus of Mawpalaw Taung were examined where they have been 
mined at Thetkaw (97° 46' 26''; 15° 52' 28") and near Sakangyi 
(97° 47' 12" ; 15° 60' 31") and Mr. Leicester observed the occur¬ 
rence of black cassiterite in a thin pegmatite vein at Kunhnitk- 
way (97° 51' 36" ; 15° 48' 22") where the ore is washed from the 
much kaolinised pegmatite during the monsoon. 

Dr. H. L. Chhibber resumed the survey of the Jade Mines 
region and mapped parts of Sheets 92 C/5, C/6, C/10 and C/H, 


Myltkylna District, 


recognising the following series and rock- 
types 


X. Alluvium. 

EX. Volcanio rocks. 
Vm. Gabbro. 

VII. Tertiaiies. 


' Geologioal Papers on Banna, pago 460. * Exploration for coal in Monlmein 
Fijrar.* 


H 
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VI. Crystalluie complex. 

V. Highly altered piorites (epidote-rooka) with volcaoio tuffs. 

IV. Jadeite-albite dykes. 

III. Peridotites and serpentines. 

n. Granite. 

I. Limestone. 

Oeologioal mapping in this area has to be carried on under 
trying conditions owing to the trackless nature of the forest-covered 
hills. The colour and other physical characteristics of the limestone 
are as described last year. Where it has been invaded by granite, 
however, it has altered to white, coarsely crystallised marble, in which 
numerous contact minerals are developed, including graphite, for- 
sterite partially altered to serpentine, phlogopite, garnet (hia- 
sonite), crystalline silica, small pink or reddish octahedra of spinel, 
a few small deep red rubies, and pyrrhotite. Dr. Chhibber be¬ 
lieves that this white marble, with its associated contact minerals, 
has been formed by the thermal metamorphism of the dolomitic 
limestone of the ares and that the fossil organisms, which he found 
in the bedded limestone, prove its sedimentary character and the 
organic origin of the graphite. The occurrence of gems is localised 
and they are foimd in pockets only. 

Granite occupies almost the whole of the south-eastern portion 
of Sheet 92 C/10, west of the Namya and Indaw chaunge. Its 
continuation west of the Indaw was traced as far as the deserted 
village of Hkohka (26° 27' 48*; 96° 38' 26*) and Jumgahtawng 
(25° 28' 68*; 96° 36' 26*) and it apparently extends further south 
still. It builds either small groups of thickly forested hills, some¬ 
times rising 1,600 feet above the surrounding plain, or forms 
scattered bosses and tors of smaller size. The original intrusion 
must have occurred in the form of a batholith. 'The rock shows 
various shades of pink and grey and its texture is generally 
medium-grained. In places it has a foliated or banded appearance. 
The predominant type is a biotite-potash-granite with the follow 
ing varieties:—(1) biotite-muscovite-granite, (2) hornblende-granite 
and micro-granite, (3) graphic granite, (4) miorographic granite, 
(6) guartz-augite-monzonite, (6) quartz-biotite-monzonite, (7) 
basic segregated patches of diorite. In the monzonites quartz 
occupies only a subordinate position with orthoclase and plitgioclaee 
occurring in almost equal proportions; the latter is mainly oligo- 
efase but in places it is oligoolase-andcsine. In one case angite 
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and in another biotite are the only ferro-magneeian minerals 
present. In places the granite is permeated with yeins of graphic 
granite and quartz. Dr. Chhibber ooncludes thau the granite intru< 
sions took place during the Mesozoic era. 

The outcrop of altered peridotites and serpentines mapped last 
year continues as far north as the Sanhka Hka (92 G/5). Another 
outcrop on Sheet 92 C/6 forms hills ‘ 1,448 ’ and ‘ 1,669.’ The 
same rocks are seen again slightly east-north-east of Kansi forming 
hill * 2,162.’ In the south a small outcrop of these rocks was 
observed in the Hkakon Hka (92 C/ll), about J mile west of the 
first bridge in the 22nd mile of the Mogaung-Kamaing road. The 
rocks build plateaux, conical hills, and well-defined ranges. The 
original intrusions probably took place in the form of a big batho- 
lith. Serpentinised dunite was the commonest variety collected this 
season. Specimens of serpentine-breccia were collected from the 
right bank of the Mabaw Hka, close to where the Lonkm-Kansi 
path crosses the stream. It is concluded that these intrusions 
took place in post-Permian and pre-Peguan times and that they 
probably belong to the same group which extends from the Andaman 
islands in the south to the Naga hills in the north, the age of 
which is surmised to range from late Cretaceous to early Eocene. 
The argument for the contemporaneity of these different occur¬ 
rences rests on their significant linear distribution and their re¬ 
markable petrographic similarity. 

Highly altered picrites (epidote-rocks) with andesitic tuffs first 
make their appearance a little west of the 17th mile on the Kamaing- 
Tawmaw road and continue to about 2^ furlongs east of Namting 
(25*^ 38' 45' ; 96° 27' 29'); on them deep red soil forms a thick 
mantle. These rocks are characterised by the presence of felspar 
and quartz with abundant epidote, while these minerals are absent 
in the typical serpentines or altered peridotites exposed on the 
west. The commonest type is an epidote-rock (epidosite) with 
which andesitic and other highly altered tuffs are associatf d. In 
places small outcrops of andesites and basalts were noticed, while 
elsewhere the rocks were observed to be permeated with doleriti ) 
and siliceous injections. 

The orysUlline schists forming the crystalline complex described 
last year^ terminate on the east a little west-south-west of the 
Lama (25*^ 42' 22' ; 96° 21' 15'). On the west the range of hills 

» Bee. Oeol Bvrp. Ind., Vol UOI, 1929, pp, ilQ-llU 
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in the north-western comer of Sheet 92 C/6, on which the points 
‘ 3,134 ’ and ^ 3,044 * are marked, is composed of these rocks. 
They crop out again in the Sanhka Hka (92 C/5) and probably 
extend much further northwards. Specimens of spotted epidiorite, 
graphite-schist, quartz-schist, glaucophane-schist, spotted actino- 
lite-zoisite-schist, and idocrase-schist, are very common in the collec¬ 
tions made this year. Idocrase is a common constituent, especially 
of those schists collected from the vicinity of the limestone. In¬ 
jections of mica-pegmatites (with aplitic veins) and numerous quartz 
veins also occur in these rocks. They have been thrown into 
anticlinal and synclinal folds and not infrequently fairly high 
cleavage angles are to be observed. At their junction the altered 
spotted epidiorites were seen dipping E. S. E., away from the 
serpentines in the Sanhka Hka (92‘C/6). 

Along the Uru valley the Tertiaries were mapped as far as the 
Uru Hka, about If miles north of Kansi (25^^ 47' 1" ; 96° 22' 48^). 
West of the Namjan Hka the Tertiaries build hills over 3,000 feet 
high. Their composition has already been described in the last 
Report.^ Boulders of glaucophane-schist and other schists, diorite, 
basalt, dacite, silicified breccia, epidiorite and homblende-lampro- 
ph 3 rre were seen associated with the rocks in question. In the 
immediate neighbourhood of Kamaing (25° 31' 40"; 96° 43' 4"), 
inclined pebble-beds were observed on the motor road ; these may 
be the equivalent of the Plateau gravels of other parts of Burma. 

On lithological grounds the Tertiaries may be tentatively classified 
into two subdivisions :— 

(1) Sandstones and shales, east of the Uru river. 

(2) Boulder conglomerate with minor development of sandstones 

and shales, west of the Uru river. 

Such a development of the Tertiaries is thought by Dr. Chhibber 
to shew that currents both from the north and west must have 
participated in their formation, those coming from the west having 
been torrential streams which deposited the boulder conglomerates. 
Small stumps of fossil wood comprising both palms and dicotyledons 
were found a little south-east of Namyong (26' 40' 31" ; 96° 26' 
17"). The inner portion of some is carbonised and the outer silici¬ 
fied. 

Gabbro'first appears about If miles west-south-west of ^ A 6,124 * 
(92 C/6) in the Namjan Hka, which has out a gorge with steep 

I ^ 90 . 0^1. 6urr. Ind., Vol. LXII, 1029^ pp. 109-1 IQ. 
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cliffs as far as its junction with the Loimye Hka. From the latter 
point the rock ascends into the hills east of the stream and is over- 
lain by the volcanic deposits of Mount Loimye. A little over 
half-a-mile north of ' A 5,124 ’ it again makes its appearance 
forming the hills * 4,842/ Bum-i-Bum, and ‘ 4,858 ’ (92 C/5), 

while its northern extension was traced as far as the confluence 
of the Dabbum and the Chinkichu Hka. The gabbro here was 
seen to be intrusive into the Tertiaries and in places the lit-par- 
lit phenomenon was evident. Sometimes it is very finely bedded 
and towards its western boundary easterly dips were mostly observed. 
East of the Namjan Hka, north of its tributary the Loimye Hka, 
the gabbro comes in contact with greenish black basal tuffs, the 
latter most probably marking the position of one of the older vents 
which served as passages for the uprise of the gabbroid magma. 
The form of intrusion near the western margin appears to be that 
of a concordant inclined sill. The predominant rock is a massive, 
coarse quartz-gabbro, but various modifications such as quartz- 
enstatite-gabbro, micrographic gabbro, etc., were noted. 

The volcanic rocks of the area consist of the Mabaw siliceous 
agglomerate, of the andesite and basalt outcrops in the neighbour¬ 
hood of Namyong, and of the Loimye volcanics. The Mabaw 
siliceous agglomerate begins near Sanhka village and continues in a 
north-easterly direction for about three miles as far as the Moschen 
Hka. It forms a red or yellowish-red bedded deposit with largo 
blocks of siliceous breccia. Dr. Ohhibber considers that the volcano 
burst through the floor of the serpentine, since fragments of the same 
are included in the breccia. Moreover the reddish colour of the paste 
confirms the view that it must have been derived from the soil or 
subsoil of the serpentine. In places, by further concentration, 
the ferruginous material has been converted into iron ore. It is 
concluded that the volcanic eruptions were subaqueous and contem¬ 
poraneous with the deposition of the Tertiary strata. 

Seven outcrops of hornblende-and hornblende-augite-andesite 
and three of basalt were mapped in the neighbourhood of Namyong. 
The biggest outcrop of typical hornblende-andesite is that of the 
Janmai Bum, (hill ‘ 1,668 *. 92 C/6). A very dark compact picrite- 
basalt with phenocryste of olivine and augite occurs about J mile 
east of Namyong on the old road to Nanyaseik. A similar rock 
was described last yeeu: and this outcrop most probably marks its 
source. About a mile south of Namyong the upper portion of 
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hill * 1,371 ’ is built of olivine-basalt. Mention may also be made 
of similar basalt, less than three furlongs S.W. of Nsengahtawng 
(26® 40' 26' 62''). 

It is oonoluded that all these eruptions took place in late Ter¬ 
tiary times and their contemporaneity with similar rocks in the 
Lower Chindwin and Mount Popa areas is probable. Mount Loimye, 
being the highest point, forms a conspicuous landmark in the 
Kachin hills. It is a breccia and lava dome, 6,124 feet above 
the sea and is 26 feet higher than the celebrated Mount Popa. 
The history of the volcano is divided by Dr. Chhibber into four 
stages:— 

(1) Black basal tuffs of aqueous origin, interbedded with ilie 

Tertiaries and metamorphosed by the intrusion of the 
gabbro. 

(2) Flows of basalt and andesite. As many as five flows 

were recognised between the levels 3,660 feet and 3,800 
feet on the spur south of ‘ A 6,124.’ 

(3) Volcanic breccia with finely bedded, sometimes laminated, 

consolidated ash or tuff. 

(4) Andesitic and basaltic breccia building up the dome of 

Mount Loimye. This marks the most active and longest 
phase. 

A complete record of the history of the volcano is preserved 
on the spur south of the Loimye Hka, while (2), (3) and (4) are seen 
on the southern spur leading to the.Chaobadu Bum. Only (3) and 
(4) were observed north of ‘ A 6,124.’ 

Mr. V. P. Sondhi resumed his survey work in the Shwebo dis¬ 
trict, completed Sheets 84 N/1, N/6, N/9 and mapjied a large 
part of Sheet 84 N/13 together with a ])art 
Shwebo District, of the area lying west of the Irrawaddy in 
Sheet 93 B/1. He recognised the following 
series and rock types:— 

Alluvium. 

Irrawadian series. 

Pegu series. 

Dolerites. 

Basalts. 

Metamorphic rocks (Mogok series). 
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The greater part of the area surveyed forms the catchment of 
the river Mu, which runs due south, along a meandering course, 
through the centre of its broad shallow valley along the eastern 
margin of Sheet 84 N/6. On both sides it is bordered by broad 
stretches of alluvium extending from 12 to 16 miles east and west 
of the river, both of which give place to the more broken country 
of the Irrawadian series. The latter consists of a loose, incoherent, 
sandy deposit and covers practically the whole of Sheet N/1 west 
of the alluvium, and a large part of Sheets N/9 and N/13 east of it. 
A remarkable feature of the series in Sheet N/9 is the existence of 
numerous small mud springs east of Ban-u (22° 46' ; 96° 37' 23"). 
occurring either singly or in clusters of two to six little ‘ pseudo- 
craters’ with diameters varying from two to eight feet. The 
line slushy mud that oozes out from the top, forms low crater-like 
mounds while the accompanying water leaves on evaporation a 
white crust of alkali salts on the surrounding surface. 

In Sheet N/13 the series shows a marked change in its lithology 
and its mode of deposition. It consists here of distinctly bedded 
sandstone and sandrock, occasionally containing beds of sandy 
shale. Towards the north-western quarter of the sheet, in the vici¬ 
nity of the villages of Myemun (22° 69' ; 95° 47' 30") 
and Tayawgaing (22° 54' 30"; 96° 47') the rocks assume the 
characters of deeper water deposits and consist of calcareous 
sandstone, shale, and thin beds of arenaceous limestone in the forrs 
of an inlier in the sandstone. This inlier has been separately mapped 
and has been tentatively referred to the Pegu series on account of 
its great lithological resemblance thereto. East of the inlier the deposit 
is undoubtedly Irrawadian though very different in character to 
that found on the west. It continues to the eastern end of Sheet 
N/13 and covers a large portion of the area surveyed in Sheet 93 
B/1. Near the eastern end the beds are greatly disturbed and are 
cut through by dolerite which is exposed in various outcrops in the 
form of long dykes as well as minor intrusions. Specimens col¬ 
lected from different outcrops are very similar to each other in their 
mineral constituents and mineral inter-relationships, which suggest 
that they belong to the same parent magma. A few outcrops of a 
highly decomposed amygdaloidal basalt were noted interbedded 
with the sandstone, showing that the volcanic activity began during 
the Irrawadian period and continued periodically till after their 
deposition was oompleted. 
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East of the Irrawadian sandstone a narrow strip of the Pegu 
series, consisting of hard shales and caloareoiis sandstone, runs 
north and south for a short distance. In these rocks poorly pre¬ 
served fossils were discovered at two localities, and proved to be 
casts of gastropods and Batissa sp., cf. kodoungensis, in one case 
and Balanus sp., TurriteUa sp., and Batissa sp. in the other. 
These rocks are tightly folded and are faulted against the meta- 
morphic rocks of the Mogok series, which here consists mostly 
of a bluish grey dolomitised limestone with green, fine-grained 
schist. 

Mr. B. B. Gupta continued his work of previous years, com¬ 
pleted a small area in the north-west corner of Sheet 84 J/10 and 
finished the survey of Sheets 84 J/9 and 

and Upper J/13, which include parts of the Shwelx), and 
ChlndwJn District*. -.t j t ro.- j x 

Upper and Lower Chindwin districts. 

Almost the whole of Sheet 84 J/13 is covered by Irrawadian 
sandstone, with the exception of a small inlier of Pegus, about 
seven miles long and five furlongs broad, and a small area of gravels 
(? Plateau gravel) near Laungbyit (22® 54' 30"; 94® 45'), The 

Irrawadian rocks are characterised by the usual friable brownish 
sandstone, associated in some places with greyish tenaceous clay 
generally mottled red by weathering. Lenticles of shales and con¬ 
cretions of sandstone were noticed in several places. 

Vertebrate fossils were collected from two localities;—(1), 1 mile 
and 3 furlongs N, N. W. of Taungbyinnge (22° 50' 30"; 94° 49' 30") 
and (2), 1 mile W, S. W. of Aukyedwin (22° 52' 30"; 94° 50'). 
They were found at the base of the Irrawadian, not far from 
the Pegu-Irrawadian boundary. Two of the specimens from the 
second locality have been referred by Mr. Hopwood of the British 
Museum, to the genera Mastodon (Tetralophodon) and Stegolophodon, 
Fossil wood is plentiful in some localities; beautifully preserved 
opalised specimens were noticed in the Nabok chaung about three 
miles N. N. E. of Thanbauk ( 22° 57'; 94® 46'). 

The Pegu rocks of the area form an inlier and are represented 
by bedded, sometimes very compact, medium-grained sandstone 
interbedded with argillaceous rocks of no great thickness. These 
ai'gillaceous beds often assume a chocolate colour on exposed surfaces 
and look not unlike marls of the same colour in the Pondaung 
sandstone group. Selenite was noticed near Taungbyinnge and 
casts of mollusca were found about one mile N. N. W. of the same 
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place. Very few dips, generally varying from 12° to 25°, were 
observed in the Irrawadian, which is the predominant formation in 
Sheet 84 J/13. In the Yede chaung the beds are horizontal, but 
very high and even vertical dips were seen close to the faulted area. 
There are indications of folding in the Nabok, Thanbauk, and 
Khwedabu chaungs. 

Four faults were noticed. The largest in the sheet is near Taung- 
byinnge and forms the boundary between the Pegu and the Irrawadian 
for some distance before cutting through the younger formation. It 
was traced as far north as two miles east of Saga (22° 57' 30'^; 
94° 50' 15^^), while in the south it was seen to extend a little 
beyond latitude 22° 48' 40''. Another fault occurs at the junction 
of the Taunggyin and Nyaungthabye chaungs, running in a 
north-iiorth-casterly direction almost parallel to the large one just 
described. 

A third fault was seen in the tributary of the Ngongyaung 
chaung, about four miles S. S. W. of Taungbyinnge. It was traced 
for a distance of half a mile, parallel to the direction of the first fault. 
The fourth fault cuts through the Pyaw and Hlainggaung chaungs 
in a north-easterly direction. 

In Sheet 84 J/9, besides the Natraa beds (TZcc. Gccl, Sun\ Ind., 
Vol. LXII, pp. 105-107), the Irrawadian, Pegu, Yaw, and 
Pondaung beds are exposed in regular sequence. ‘ Plateau gravels ’ 
were seen west of Kin (22° 46'; 94° 42') and near Kyaukkedet (22° 
57' 30^; 94° 43' 30"), and ‘ red earth ’ was noticed south 
and south-west of the latter village. The lithological characters 
of the principal rocks do not seem to have undergone any change 
from those seen in the adjoining southern sheets, with the exception 
that in river sections, some of the argillaceous beds of the Pegu 
formation were tinted red on exposed surfaces. All the formations 
were barren of fossils and no light was thrown on the exact age of 
the Natma beds. 

The strike fault forming the boundary between the Pondaungs 
and the Irrawadian series, mentioned in the reports of previous years 
was traced as far north as latitude 22° 52' 30". An asjmmetrical 
anticline weis found in the Pondaungs with the shorter arm on the 
east. The dips are very high near the fault line, gradually sloping 
more gently on the west. The Natma beds become attenuated 
and finally disappear at about latitude 22° 52'. Owing to the pitch 
of the A.T 1 H of the fold the outcrops of the various formations other 



106 


Records of the Oedogieci Survey of India. [ Vol. LXIII. 


than those of the Irrawadian rocks die out in the north. The portion 
of Sheet 84 J/10 which was mapped this season was found to be 
covered by Irrawadian rocks. 

During six months study leave m 1928-29 Mr. C. T. Barber 
visited the United States of America to study the methods of the 
United States Bureau of Mines and to ac- 

Resident O^logist, quaint himself with the most recent American 
enangyaunr e . practice. During the five months 

spent in the United States Mr. Barber visited the offices of the 
Petroleum Division of the Bureau of Mines at Washington, D. C. ; 
Bartlesville, Oklahoma; Laramie, Wyoming; San Francisco, Cali¬ 
fornia ; and Dallas, Texas. At Bartlesville, the experimental sta¬ 
tion of the Petroleum Division of the Bureau, the recovery and other 
experiments of the Bureau were studied, while at Lara¬ 
mie, San Francisco and Dallas the methods of the officers of the 
Bureau in conducting their major field studies were observed. 
In California also, the supervisory functions and methods of the 
United States Geological Survey and the Oil and Gas Division of 
the State Mining Bureau were studied. In addition to these invest¬ 
igations the principal fields in the Mid-Continent, Rocky Mountain, 
Southern California, and West Texas areas were visited, and geo¬ 
logical development and production problems were discussed ^vitb 
the technologists of the various companies operating in these 
areas, particular attention being paid to problems relating to dee}) 
drilling and to methods of increasing recovery from partially depleted 
fields. 

From Oklahoma to Wyoming, a detour was made to visit the 
United States Experimental Oil Shale plant at Rifle, Colorado, where 
the occurrence of oil shale in the Green River formation and the 
methods of retorting this shale were studied. Samples of the 
various grades of oil shale were also collected and despatclied 
to Calcutta to be placed in the mineral collection of the 
Survey. 

In October Mr. Barber attended the meetings of the Petroleum 
Division of the American Institute of Mining and Metallurgical 
Engineers and the International Petroleum Exposition held at 
TulLi, Oklahoma. Advantage was taken of the opportunity these 
technical sessions afforded to discuss various development and pro¬ 
duction problems with representatives from all parts of the United 
States and many foreign producing countries. 
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A canfidential report on the results of this study leave in the 
United States of America was submitted in January 1929 and a 
paper dealing with rotary practice and factors affecting the recovery 
of oil from sands, has been prepared toi publication in the Records. 

In February 1929 Mr. Barber visited the oil mines at Pechelbronn, 
Alsace, in order to study the extraction of* oil by underground 
mining. This method of extraction of oil from depleted sands, 
devised during the stress of the European War^ to supply the German 
armies with the aU-important petroleum products of which external 
supplies had been cut off by the allied blockade, has since proved 
commercially remunerative and at the present time is regarded by 
many competent observers as the best method of obtaining tiie 
greatest percentage recovery from oil pools. M. Paul de Chambrier, 
Dr. Scimiders and the other technologists responsible for the develop¬ 
ment of this method at Pechelbronn, estimate that by undergroimd 
mining an additional percentage of the oil-content of the sand equal 
to that obtained by boring operations is recoverable. This balance 
will almost certainly be disturbed by improved recovery methods 
such ivs repressuring, and possibly flooding and vacuum, applied to 
drilled properties, but the most sanguine estimates of the recovery 
obtainable by these methods do not exceed 66 per cent, of the total 
oil-content of the reservoirs. It may be anticipated therefore, that 
in the near future underground mining, possibly combined with 
some system of forced drive, will be resorted to in many areas for 
the purpose of extracting the large residues of oil which cannot be 
recovered by operations conducted from the surface. 

Mr. Barber resumed the duties of Resident Geologist, Yenan- 
gyaung, Burma, on March the 10th, 1929. In addition to routine 
advisory duties in connection with every producing held in Burma 
a detailed investigation of the Yenangyaung held was commenced. 
An analysis is being made of the histories of the 3,000 odd wells 
situated in this field. This is a long and laborious process and so 
far has been completed only for Water-areas A, C, D, F and 1 in 
the Twingon reserve. 

It has also been found that for a proper understanding of the dis¬ 
tribution of oil and water in the deeper sands of the field a know¬ 
ledge of the asymmetry of the structure is essential. At ordinary 

^ Uodorgroand mining waa actually oommenoed at P^helbroun aa early as 1735 and 
canied on without interruption till 1888, when working became dangerous and 
ooatiy and was abandoned. It waa not revived till 1015. 
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depths such as were penetrated in 1910jwhen SirjEdwin Pascoe 
prepared his Memoir on the Oil Fields of Burma, the effects of the 
as 3 anmetry of this structure were so slight as to escape detection, 
but with the progressive penetration of deeper horizons its effects 
become increasingly apparent. This feature of the Yenangyaung 
structure was first recognised by the geological staff of the Burmah 
Oil Company. With a view to determining as far as possible the 
hade of the axial plane, a resurvey of the field on the excellent 
24-inch topographical maps, available through the courtesy of the 
Burmah Oil Company, has been undertaken. Among other interest¬ 
ing results of this work may be mentioned the discovery of a fossil 
leaf-bed in the Irrawadian approximately 100 feet above the Red 
Bed in Outer Berne and of a land vertebrate tooth in the Pegu 
series 600 feet below the Red Bed in east Khodaung. The Jatter 
was forwarded to Calcutta for identification. 

In connection with the isolation policy in East Twingon, the 
water conditions in wells situated in Water-areas C, F and I of the 
Twingon reserve were investigated in order to ascertain the effects 
of combining the 3rd and 4th isolations in these areas on the water 
production of neighbouring wells. The original isolation policy 
in this area called for isolations at approximately 1,000, 1,400, 
1,900, and 2,400 feet. In certain wells in this area the normal 3rd 
isolation at 1,900 feet has been omitted and back-cementation from 
2,400 feet has been attempted for the protection of the intermediate 
sands. There appears to bo no evidence that the production of 
neighbouring wells producing from the intermediate sands has been 
affected by this procedure, but the data available from the com^* 
paratively limited application of this policy in these areas is inade¬ 
quate at the present time to form the basis of any broad generalisa¬ 
tion as to the merits of this casing policy. 

A survey of abandoned wells in the various fields in Burma has 
been made with a view to standardising and in some instances 
improving the method of plugging wells in the future. The proce¬ 
dure for plugging wells in the reserves of the Yenangyaung field is 
also under discussion. 

Six weeks were spent by Mr. Crookshank in visiting the various 
Grondwana exposures between Jubbulpore and the Sher river, and 
Jubbulpore District, ut surveying certain unmapped crystalline 
Central Provinces. areas lying in region* 
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The Gondwana rocks occur as a series of isolated outcrops at the 
base of the Lameta or trap formations. They are characterized 
by the presence of white clays, and of numerous ill-preserved plant 
remains. These features suggest that they are all outliers of the 
main Jabalpur formation. 

The crystallines consist of dolomitic limestones, slates, quart¬ 
zites, granitic gneiss, and hornblende-schist. These rocks have 
been only moderately metamorphosed, as is shown by the absence 
of garnets and other minerals usually associated with high tem¬ 
peratures and pressures. 

The quartzites appear to have been derived from limestones 
by replacement of lime by silica. The presence in them of much 
chalcedony, and of numerous open cavities suggests that the re¬ 
placement is due to the action of meteoric waters. Mr. Crookshank 
considers it probable that the original limestones have been altered 
to quartzites wherever they have been br<ken up, by folds or faults. 
The age of this remarkable replacement is uncertain, but there is 
some reason to suppose that it is post-Gondwana. 

Thin bands of hornblende-schist occur in numerous places in 
the limestone, and in the granitic gneiss. Their origin probably 
varies in different areas, but in some cases they have been formed 
by the alteration of ancient porphyrite intrusions, as is proved by 
the occurrence of almost unaltered porphyrite passing into horn¬ 
blende-schist on the Sher river. A further metamorphosis from 
hornblende-schist to impure soapstone may also be seen in the same 
locality. A few small veins of chrysotile were noted in the limestone 
along the edge of the plain near Bachai (22° 52'; 79° 19'). These 
are of no commercial value, but are of some interest as they 
show that that mineral is sometimes formed in these limestones. 

The remainder of the field season was spent by Mr. Crookshank 
in the low ground surrounding the Mahadeva hills. The area north 
of this range was mapped between the Tawa river and the Kparia- 
Pachmarhi road. Traverses were also made from the cliffs which 
form the southern boundary of the Pachmarhi massif to the 
Tamia-Qof ridge. The rocks seen belong to the crystalline and 
Gondwana systems, to the Lameta group, and to the Deccan Trap 
series. 

The crystallines occur in a few narrow outcrops along the edge 
of the Narbada plain towards the north-western end of the region 
snapped. They consist mainly of limestones and slates similar to 
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those seen further east. Their junction with all the other rocks of 
the area is markedly uncomformable, and may also be faulted, though 
there is no definite evidence to that effect. 

Bepresentatives of all the Qondwana stages found in the Sat- 
piu-a region probably occur in the low ground on either side of the 
Padimarhi plateau. In consultation with Drs. Cotter and Fox 
the following provisional classification has been arrived at and it is 
hoped to confirm this in the coming field season:— 


Series. 

Gronp. 

Stage. 

Old position 
in Indian 
stratigraphy. 

Kew poaJtion 
in Ikllan 
stratigraphy. 

World Scale. ' 

Upper Oond- 

wanu. 

Umla A Jabal¬ 
pur. 

Umia . 

Jabalpur . 

•• 

L. Oretaoeous 
to Port* 

landiao. 


BsJmahal A 
MAhadeva. 

Kota . 

Bajmahal 

Bagra 

Denwa 

Jabalpur . 

* * 

L. Oolite. 

Lias. 




Paohmarhl (T) . 

Denwa A Motur 

Rh?’fir to 

U. Trias. 

Lower Good' 

Panohel 

Panchet 

Aimod t • 

Paohmarhi 

L. Trias. 

wanes. 


RaniganJ 

Bijori 

Bijori 

r. Permian. 


Damuda 

Ironstone 

Motur . • 





shales. 

.. 

.. 

.. 



Barakar 

Barakar . , 


L. Permian. 



Karharbaii 

Karharbaii * 

.. 

.. 


Talohlr 

Takhir 

Taichir . 


- 


The Talchirs are confined to the edge of the Narbada valley, 
where they cover a large area lying between the Fachmarhi-Piparia 
road and Hatbnikhapa. They consist of the usual green clays in 
which erratic boulders are often seen. A study of the latter sug* 
gosts that the ice which evidently deposited these sediments came 
from the northern side of the valley. These rocks, which are pro¬ 
bably some hundreds of feet thick, have been much folded, and arc 
faulted against trap flows to the north, and Denwa clays to the 
south. 

Barakars have not been identified by Mr. Crookshank with any 
certainty, but a small patch of massive sandstone abutting on the 
Talchirs near Anhoni is believed to represent this stage. 

Bijori rocks extend from the 2,500-foot contour on the scarp 
isoQth of Paehmarhi to the base of the Deccan trap on the Motur- 
Tamia plateau. A. small outcrop of carbonaceous rooks on the 
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Tawa river \ mile south of Ranipura (22® 34'; 77® 69') is also doubt¬ 
fully attributed to this group. The appearance of the Bijoris 
varies greatly from place to place, but they are characteristically 
earthy, carbonaceous, and micaceous. Glossopteris remains are abun¬ 
dant, but no other fossils were found by Mr. Crookshank. As the 
base of this stage is nowhere exposed, its thickness is uncertain, 
but cannot be less than 1,000 feet. The Bijori rocks have suffered 
some folding and faulting, but the dips observed rarely exceed 20®. 
On their northern border they appear to pass comformably beneath 
the Pachmarhi sandstones, and on their southern they underlie, 
with marked discordance, the Denwas, Lametas, and Deccan trap. 

, Rocks of the Pachmarhi stage occur in the Mahadeva range, in 
the lower Tawa valley, and in the plain about Magaria (22° 36' , 
78° 6'). This formation is built up of massive sandstone beds sepa¬ 
rated from one another by thin bands of conglomerate. In most 
sections it appears to dip north beneath the Denwa rocks, but in the 
Tawa valley it is divided from them by a marked unconformity. 
The existence of this break is Mr. Crookshank's reason for classifying 
this stage as the uppermost of the Lower Gondwanas. The thick¬ 
ness of these rocks is about 2,000 feet, and their degree of disturbance 
is similar to that of the Bijoris. 

On the denuded surfaces of all the older rocks lies a sedimentary 
series composed of conglomerates, sandstones, nodular limestones, 
and highly coloured clays. This has been described as Denwa or 
P.agra, depending on whether the local facies is conglomeratic or 
clayey, respectively. There seems to be no need of two names, and 
as the clayey facies is the more characteristic one, it is proposed 
to drop the name Bagra as a stage term in favour of Denwa. 
These rocks are sharply folded along the edge of the Narbada 
V!ill('y, but become less and leas distiirWd as they are followed to 
the south, so that they are nearly horizontal in the cliffs east of 
Tamia. Definite evidence of faulting was only found in the Ta\^a 
valley, where the Denwas and Pachmarhis abut, but there is reason 
to suppose that faults are common especially in the vicinity of the 
numerous dykes which cut this formation. In a section near 
Thana (22® 38'; 78° 9'), where the clayey facies predominates, 
1,700 feet of these rocks are present. In conglomeratic areas their 
thickness would probably be much greater. Although the Denwa 
rocks are divided from the Motuis by a wide strip of basalt, they 
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are, according to descriptions, exactly similar in appearance, and 
are almost certainly identical. 

Outliers of the Jabalpur formation were found by Mr. Crooksbsnk 
between Parsapani (22° 35'; 78° 3') and Bagra, and in the Dunda- 
dehi reserved forest near Thana. They were characterized by the 
usual fine sandstones, white clays, lenticles of nodular haematite, 

and coaly beds. For rocks of this stage they were exceptionally 

folded, and cases occur near Thana where they dip north up to 
70°. Plant remains were found in numerous places north of 

Parsapani in a fair state of preservation. Along with the commoner 
Jabalpur species were found the following plants which had till 
recently only been recorded from the Eajmahal or Kota rocks :— 

Dictyozamites indious^ 

Tcmiopteris crassinervisy 
Tcmiopteris spaihvlatay 
Nilssonia princeps. 

As the result of recent discoveries of Rajmahal species in the 
Jabalpur rocks, Dr. Cotter is of the opinion that the Jabalpur 

should be classed with the Kota, a stage which is also distinguished 
by a flora mid-way between the Rajmahal and Umia. 

The present rectilinear boundaries of the Narbada valley are in 
many cases the result of faulting, most of which evidently took place 
towards the close of the Deccan Trap era. The faults f(;im a 
parallel series with a general downthrow towards the north, and 
an E.-W. direction. They do not as a rule correspond to the scarp 
formed by the Gondwana rocks, though they probably did so before 
denudation weathered this back. Most of them occur in the ground 
along the edge of the plain where they cannot readily be detected 
owing to the alluvial covering, but the presence of trap flows in 
many places along the edge of the plain is regarded as proof of their 
existence. 

Assuming that Gondwana rocks do in some places underlie the 
alluvium, there is no reason why they should not in some cases 
contain coal measures. The presence of trap flows at the edge 
of the alluvium proves that the whole valley has been let down 
several thousand feet. It is unlikely, therefore, that coal measures 
exist within reasonable distance of the surface. If they are any¬ 
where present at e reasonable depth, Mr. Crooksha^k observes that 
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they will probably be found in the faulted sides of the valley, 
as is the case at Mohpani and, as in the latter place, will probably • 
be found to be badly crushed and faulted. 

Along the scarp between Tamia and Grof Terai a thin band of 
calcareous conglomerates separates the Gondwanas from the over- 
lying trap. This is thought to be a local variation of the usual 
Lameta formation. Fossil wood, some of which is palmaceous, 
was found on the surface of this conglomerate in two places. 

As the result of detailed mapping around Jubbulpore Ur. C. A. 
Matley came to the conclusion that there was no break between the 
Jabalpurs and the Lametas. He showed that the evidence on this 
point depended to some extent on the comparison of the Jabalpur 
flora and the Lameta fauna. As these are not strictly comparable 
he considered that the evidence required revision. The occurrence 
of fossil palms in the Lametas makes a juster comparison possible. 
No palm trees have yet been found in any of the Gondwana rocks ; 
their presence in the Lametas consequently indicates a big step 
forward in the evolution of plant life in the Indian region. The old 
view of a marked unconformity or non-sequence between the Gond¬ 
wanas and the Lametas is, therefore, probably the correct one. The 
only change in our knowledge of these two formations is that Mr. 
Crookshank’s discoveries of a Eajmahal (Kota) flora in the Jabalpur 
beds have tended to ^\iden, rather than to bridge, the gap between 
the Lametas and the Jabalpur stage. 

The most interesting observations made on the Deccan Trap 
rocks were the occurrence of trap flows along the southern border 
of the Narbada valley, and the presence of a composite dyke 1 mile 
S. S. W. of Sukhdongar (22® 24'; 78® 29'). Tie significance of 
the former has already been considered in connection with the 
northern boundary of the Satpura Gondwana basin. The evidence 
on which the basalts there seen were considered to be flows was not 
however given. The main points in this evidence are the wide area 
covered by these rocks, and their uniformly fine-grained texture. 
These two points taken together are, in Mr. Crookshank's opinion, 
proofs of their extrusive nature. The Sukhdongar dyke is built 
up of three portions 7, 10 and 17 yards wide as one crosses the intru¬ 
sion from north to south. The central portion is a white fine-grained 

I 
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giacttic rock having a specific gravity of 2*7, and composed of 
quartz, oligoclasr, perthite, chlorophaeite, biotite, iron ore, and 
apatite. Its microscopic texture closely resembles that of a coarse- 
grained Deccan Trap flow. The south side of the dyke is a very 
coarse olivine dolerite, and the north side a medium-grained dolerite 
without olivine. There is little evidence as to the age of ihe various 
components of this dyke, but the centre is thought to be the most 
recent part of it. It can be followed through the rocks of the Bijori 
stage for at least a mile, and probably extends much further. 

Dr. S. K. Chatterjec completed the survey of sheet 55 0/10 
(Sakoli sheet), of which the survey was commenced in the previous 

Bhandara District field season. In this sheet much of the ground 

Central Provinces. is obscured by alluvium, through which the 

underlying rocks protrude at intervals. In the 
north-eastern portion of the sheet, however, there is a hilly tract 
occupied by the Gaikhuri range; the rocks here are much folded, 
and the sequence is consequently difficult to determine. Dr. 
Chatterjec considers that the upper portion of the sequence may 
be arranged in the following descending order :— 

Sheared and crushed microcline-albite-quartzitc, perhaps of 
igneous origin; 

Buff, siliceous, slaty shale; 

Phyllite; 

Sericite-quartzite and carbonaceous haematite-quartzite, both 
occasionally somewhat chloritic, and passing into each other 
laterally ; 

Phyllite, often chloritoid-bearing and garnet-l>earing, and 
ferruginous chert; 

Chloritoid-bearing chlorite-muscovite-schists with porphyroblasi s 
of chlorite or garnet and rarely staurolitc and chiastolite. 

In the southern part of the sheet, the relationships of the rocks 
to one another are much obscured by alluvium. Rutile-quartz- 
tonrmaline-schists, containing a considerable amount of kyanite, 
dumortierite or siliimanrte, ate found, and are regarded by Dr. 
Chatterjec as having been developed from the chlorite-muscovite- 
schists as the . result of pneuxnatolytic and h^drothennal meta- 
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morpbifim due to a later granitic magma. As, however, there are 
no exposures of such a magma, though quartz veins are numerous, 
his conclusion must be regarded as requiring the support of further 
evidence before it can be accepted. The alternative h)rpothesis is 
that of Dr. Dunn, who has described the sillimanitic rocks of Pohra.* 
Dr. Dimn’s suggestion is that the^se highly aluminous rocks do not 
owe their formation to the alteration of once less aluminous schists, 
but represent original baiixitic or other highly aluminous clays 
occurring interstratified in the succession of sediments from which 
the series of schists has been derived. 

In addition to the phyllites and schists enumerated above, Dr. 
Chatterjee has found amphibolites, and, in one place, namely, at 
Dhimarwara in the north-west corner of the sheet, dolomitic marbles, 
which he regards as underlying the phyllites and schists. Adopting 
the view that these amphibolites and marbles correspond respec¬ 
tively with the Sitapar and Bichua stages of the succession recog¬ 
nised in the »Sausar tahsil (the Sausar series). Dr. Chatterjee at¬ 
tempts to correlate the overlying phyllites, .schists, and ferruginous 
and other quartzites with the Sapghota and Ramtek stages of the 
Sausar series. Tlie grade of metamorphism, however, of the rocks 
assigned to these two stages on Dr. Chatterjee’s sheet is, according 
to Dr. Fermor, lower than that in the Sausar area. Dr. Chatterjee’s 
view is different from that of Mr. Bhattacharji, who, working on 
the Bhandara sheet to the west, regards these same phyllites, schists, 
and quartzites as representing a succession Ijdng conformably above 
the Sausar series. This is one of the points that it is hoped ultimately 
to determine as a result of the present survey. 

In the Gaikhuri range, north-east of Kohka (21° 12'; 79° 47'), 
Dr. Chatterjee has mapped a thrust-fault separating sheared hsDma- 
titic grits from phyllites. Within the phyllites are occurrences of 
sheared felspathic quartzite, which have been converted into aiiio- 
clastic conglomerates, the strike of the axes of the pseudo-pebbles 
making a sharp angle with the general strike of the bands of rock. 
With reference to the general metamorphism of this tract. Dr. 
Chatterjee produces evidence of more than one period of diastro- 
phism. The following analysis is given of a specimen from 1 mile 

» Mem. Gcd. Svrv. M., Uh p. 204 (1929). 
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north of Nswegaon (21° 12'; 79° 63') of chlorite-muBCOvite-sohist, 
carrying staurolite, chiastolite and chloritoid:— 


Per cent. 

SiO, .54-99 

TiO,.0-22 

Al^O,.20-30 

OraO,. Nil 

Fefi .8-03 

FeO.4-40 

MnO.0*24 

MgO.2-83 

CaO.0-26 

BaO.trace 

Na^O.1*23 

K 2 O+.3-02 

H 2 O (>110«C).3-54 

PfiOs.0-18 

S.0-03 

C.0-16 

H20(<110°C).0-14 

CO2.O-Ot 

t 100-24 

8p. gr. 2-83. 


This analysis appears to afford evidence that the schist in ques¬ 
tion is of sedimentary origin. 

During the field season, Sub-Assistant D. S. Bhattacharji com¬ 
pleted the survey of the Bhandara sheet (65 0/12). In the previous 
report it was mentioned that the boundary between the more meta¬ 
morphosed type of country in which the Sausar series occurs, and 
the less metamorphosed country referred to as the Bhandara belt 
of Dharwars, traverses this sheet in a east-north-easterly direction. 
When Mr. Bhattacharji came to complete the south-western corner 
of the Bhandara sheet, he found there occurrences of rocks of the 
Sausar type, such as quartzites of the Ramtek stage, amphibolites 
of the Sitapar stage, calc-magnesium-granulites of the Bichua stage, 
and marbles and calc-granulites of the Lohangi and Utikata stages, 
respectively, of the Sausar series. As these occurrences, which are 
associated with gneisses of the type characteristic of the Sausar 
belt, occur on the strike of the rocks of the less metamorphosed 
Bhandara type, it appears that the boundary between the two 
types of rocks is becoming more complex to the south-west, and for 
this reason Mr. Bhattacharji, after completing the Bhandara sheet^ 
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commenoed work on the Umrer sheet, No. 66 P/6, lying to the south¬ 
west, surveying the north-eajstem comer thereof. The discovery 
near Viakhandi (20® 66'; 79® 26') of a small outcrop of gonditic 
rock is interesting, as this is the only such occurrence found to the 
south of the main line of the Bengal-Nagpur railway. It is hoped 
that further work on this sheet may help in the unravelling of the 
relationship between these two types of Archsean rocks. Work has 
not yet progressed far enough on this sheet to permit of further 
discussion this year, except to record that Mr. Bhattacharji has been 
unable anywhere to find any imconformity between the Sausar 
and Bhandara belts of rock; it seems likely, therefore, that the 
relationship between the two groups is a conformable one, and that 
the Bhandara type of schists may be an upward continuation of 
the succession to which the name Sausar series has been applied. 
Mr. Bhattacharji’s report is, as usual, illustrated with suitable 
photographs and well-drawn sketches. Accounts are given of the 
mineralogy of the various types of schists recognised. One point 
of interest is that in the chloritic sericite-quartz-schists Mr. Bhattfu* 
charji has recognised dumortierite, the discovery of which by Dr, 
Chatter]ee on the adjoining sheet to the east has already been 
recorded. The presence of this boron-bearing mineral and the 
abundant tourmaline seen, for instance, in the kyanite-quartz- 
tourmaline-schists of this tract support the view that there may 
have been later pneumatolytic additions to the phyllites and schists 
of the Bhandara type. The difficulty is that actual occurrencea 
of acid granitic rocks intrusive into these schists and phyllites 

are scarce. Mr. Bhattacharji regards the porphyritic granite of 
Jamgaon (21® 1'; 79® 38') as responsible for the tourmalinisation 
of adjoining schists of the Bhandara belt, 

Although the geological surveys of the Jharia and Raniganj 

coalfields were practically completed in the previous season (1927- 
28), there remained a few details which re- 
»- « srty. quired attention. Dr. C. S. Fox remained in 
charge of the Coalfields party, and was assisted by the late Mr. 
Sethu Rama Rau and Mr. E. R. Gee. Mr. Sethu Rama Rau’s work 
included a search for fossils in the area E. N. E. of the Raniganj 

coalfield and in the supra-Panchet or Dubrajpur beds capping 

Panchet hill. Mr. Gee m^e an examination of those parts of the 
Raniganj field with which he was still unfamiliar, and he will now be 
in a position to complete his memoir on the Raniganj coalfield, which, 
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it is hoped, will be published before the end of 1930. The new 
geological maps—21 sheets on a scale of 4 inches to the mile—of the 
Raniganj coalfield are in process of publication, and it is hoped that 
they will be issued during the first half of 1930. 

Dr. Pox’s memoir on the geology and coal reserves of the Jharia 
coalfield is in the press, and should be ready for issue early in 1930. 
The author has found it necessary to modify the old grouping of 
the Damuda beds in the Jharia coalfield, and in consultation with 
Mr. Gee has correlated the various stages with those of Raniganj. 
The following tables shew the classification and relationship adopted: 

Sub-divisioiia in the Jharia Coalfield. Dr. W. T. Blanford’a divisions in 




thr Raniganj coallielJ. 

Raniganj scries 
1,840 ft 

f Lohpiti sandstones 

J Telmucha coal-measures . 

Jamdiha sandstones 

I^Murulidih ooal-measures . 

^ Raniganj aerii-3, 6,000 ft. 

Barren measures^ 
2,080 ft. 

f Mahuda sandstones 
,J Hariharpur oarbouaoeous shales 

1 Petia sandstones 
^Shibbabudih carbonaceous shales 

^Ironstone Shales. 1,400 ft. 

Barakar series, 
2,000 ft 

f Bhagaband coal seams 

J Jialgara coal seams 
^ Gareira coal seams 
l^Muraidih coal seams 

\ Barakar series, 2,<KK) ft. 

1 

J 

Dr. Fox’s subdivisions in the Jharia Coal- Mr. 1 
field. 

E. R. Gee’s subdivisions in 
Raniganj ^’oalfield. 


Lohpiti sandstones 
Telmuoha coal-measures 
Jamdiha sandstones 
Miirilidih coal-measures 


Kumarpur sandston(*a 
Nituria coal-measures 
Kijuli sandstones 
Sitarampur coal mea- 


:1 


Raniganj 

series, 

n.iioo ft. 


Barren measures, J 
2,080 ft 


Maliuda sandstones . Ethora sandstones . 

Hariharpur carbonaceous Kulti Ironstone shales 
shales. 

Petia sandstones . Begunia sandstones 

Shibbabudih < arbonaoeous Beg mia carbonaceous 
shales. shales, 

f Bbagabaud seams . Begunia seams 

Barakar'series, J Jialgara seams . . Laikdih seatns 

2,000 ft 1 Qareira seams . . Ramnagar seams 

l^Muraidih seams . Bamagaria saams 


Ironstone 
. Shales, l,20U 
j ft. 


Barak ar 


^•series, 2,100 

I ft. 


. I 

J 


In view of the above correlation, it becomes quite certain that 
the Damuda group originally spread continuously from the Jharia 
field into Raniganj. It is also Dr. Pox’s opinion that these rocks 
extended without a break up the Damuda valley. The Jharia sub- 
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Burma coal fields. 


divisions have not been introduced into the nomenclature of the 
Raniganj coalfield for two reasons. The first is that Dr. JBlanford’s 
divisions are now too well known, and any serious change would 
introduce confusion. The second is that the correlation was estab¬ 
lished after the surveys were completed and the detailed divisions 
have not been separately mapped in the Raniganj coalfield. It will 
be noticed, however, that Dr. Blanford’s Ironstone shales have been 
slightly curtailed by Mr. Gee, This was found necessary after the 
Begunia sandstones were proved to be not unconformable on the 
Barakars {Rec. GeoL Surv, Ind,, VoL l^X, pp. 363-364). It should 
also be noted that the Raniganj series is thicker and far more im¬ 
portant as a coal-bearing formation in the Raniganj area than it is 
in the Jharia coalfield. The reverse is in general true of the Barakar 
series of Jharia when compared with the same formation in the 

eastern part of the Raniganj coalfield. 

After completing his surveys in the Jharia and Raniganj coalfields 
Dr. Fox visited the more important coalfields in Burma—the Juras¬ 
sic coal measures in the Southern Shan States 
around Kalaw, the Pleistocene lignitic coals 
of Nam-ma and Lashio in the Northern Shan States, and the 

Eocene coals of the Kalewa area in the Upper Chindwiu valley. 

There are several outliers of the Jurassic coal measures in the 

Southern Shan States aiul in the Meiktila district. The best-known 
of these is the Ijoi-an <‘oalfield near Kalaw. Dr. Fox considers 
that the Jurassic outlier near Loi-an, with ro<‘ks ranging from Lias 
to Lower Oolite, is of too limited an extent and too disturbed as to its 
seams to be of any serious economic value, although samples of the 
coal are of attractive quality aiul show caking properties. 

Dr. Fox found freshwater gastropod shells in both the Lashio 
and Nam-ma fields, but this fauna was not sufficient to settle defi¬ 
nitely whether the shales are of Pliocene or Pleistoi*ene age. Al¬ 
though some considerable distance from the railway, Nam ma is 
thought to be the more attractive field. It is true that the high 
moistiu*e content of the fuel, as first mined, gives it a low calorific 
value, but when dried, this black, lustrous lignitic coal is not un¬ 
attractive as a steam-raising fuel. Owing to decrepitation, tlie coal 
would not stand transport to any distance, but the Nam-ma coalfield 
may prove of considerable value if electric power is generated there 
and transmitted to Namtu and the Bawdwin mines. The hydro¬ 
electric capacity of the river will not meet the requirements of the 
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mmes and smelters, and auxiliary Diesel oil engines have already 

been installed. The supply of power from Nam-ma is therefore 

worthy of serious attention. 

Although the Kalewa coalfield is also situated in a remote locality 
and the tests with the coal from the outcrop have been disappoint¬ 
ing, the field has possibilities. From surface evidence there appears 
to be a fairly large tract of coal-bearing strata. There is one 

seam of 8 feet, and two others measure from 3 to 4 feet. 
Unfortunately, it is a high-moisture coal and of poor heating 

value, although the ash content is low. Dr. Fox thinks it may 
be found to contain less moisture further to the dip, but, to prove 
this, borings would have to be put down; such borings would be 
highly speculative. A collection of gastropods at Kalewa from an 
horizon just above the 8-foot seam appears to consist entirely of 
two species of Melania —brackish water forms thought to indicate 
a Yaw stage horizon. 

During the first half of the field-season 1928-29, Mr. E. R. Gee 
concluded the re-survey of the Raniganj coalfield, and the areas 
examined included Sheets 1 to 4, west of the 
Blhw?***”* Coal-fieW, Bar^kar river, and Sheets 6, 6, 9 and 10, 
south of the Damodar river. In addition, 
a brief visit was paid to the extreme eastern end of the coalfield. 
Sheets 22 to 24. As a result of this examination Mr. Gee has been 
able to arrive at a fair correlation of the principal coal seams of the field. 

Within Sheets 1 to 4 the Talchir strata, dipping in general to the 
8. or S.S.W., rest on the metamorphics, and are overlain to the south 
by the Barakar series. The latter covers the greater part of Sheets 
1, 2 and 4, the structure of the lower beds, at least to the west of the 
longitude of Kumhardubhi, being very simple, with steady dips to 
the S.S.W. Approaching the main boundary fault of the coal¬ 
field to the south, the outcrops of the middle and upper Barakar 
beds are naturally more complicated. In addition to a main syn¬ 
clinal structure along the line of the fault, stresses at right angles have 
caused the beds to crop out in the form of two small basins to the 
west, the Shampur and Chatabar basins, and as the Kudia syncline, 
complicated by faulting, in the eastern part of the area. The 
outcrops in the west are clear, particularly in the Kudia Nala 
section of Sheet 2, intersecting the strata of the Shampur basin. 
Within this basin, although no Ironstone shales are present, it seems 
probable that almost the whole of the upper Barak^ is represented* 
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Within the Chatabar and Kudia areas, the upper Barakars are ab¬ 
sent. These upper beds with coal-seams come in again near Chanch 
to the west of the Barakar river 4 miles from the eastern edge of 
the Shampur basin, so that in comparing the upper Barakar coal- 
seams of these two areas it is not surprising to find that certain 
changes have taken place. For the purpose of correlation the Ran- 
gamati Gopinathpur seam, with massive grits and fireclays associated 
above and below, forms a very useful horizon. The principal 
points of the correlation arrived at by Mr. Gee are summarised 
as follows. 

The Pusai seam of Sheet l represents the basal coal-seam of the 
Barakar series. It occurs only a short distance above the upper¬ 
most Talchirs, and immediately beneath the thick pebble-bearing 
sandstones of the lower Barakars. This seam, 30 feet thick in Sheet 
1, thins to the east, and is possibly represented by the thin Farewell 
seam of the middle portion of the field. 

Several coal-seams crop out to the south of the Pusai in Sheet 1, 
but appear to be of no present economic importance. In the north¬ 
western part of Sheet 4, one of these seams becomes of individual 
value and thickens to the east to form the thick Kalimati seam; 
it is represented in the wide outcrops of coked coal (jhamma) and 
mica-peridotite in the Barmundih area, and from its general 
character and its position above the pebble-bearing sandstones, is 
correlated with the thick Damagaria seam to the east. 

Higher in the succession, a seam of shaly coal crops out in the 
northwestern part of Sheet 4, and continues to the east as the Binda- 
banpur seam. Several coal-seams appear to occur about this hori¬ 
zon in the area east of Kumhardubhi, and are proved in the borings 
of Ramnagar to the east. 

Thick massive grits with fireclays follow, and include the Ranga- 
mati-Gopinathpur seam, 12-14 feet thick. Within the compli¬ 
cated area east of Kumhardubhi, this seam is possibly repeated 
by faulting. It is correlated with the Bahira ‘ 6,’ the equivalent 
of the Salanpui ‘ C' seam of Sheet 8. 

Following these upper grits are shales, including a thin coal and 
fireclay seam, the Kudia shale group of Mr. Auden. These beds 
are sucoeeded by the thick seams of the middle Barakars, represented 
by the Shampur, ‘ 5 ’ & ‘ 6 ’ seams, the thick Chatabar seam, 
the 45-faot Patlabari seam, and the Laikdih seam. It is possible 
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that the Kamnagar seam of the east is represented by the upper 
portion of the thick Laikdih seam of the Kumhardubhi area. 

Within the Shampur area several seams of shale and coal occur 
within the 460-500 feet of strata above No. 6 seam. It is suggested 
that in the outcrops of the upper Barakar beds of the southeast of 
Sheet 4 these coal and shale b^s are represented by the thick carbo¬ 
naceous shales of the equivalent succession. At the top of this 
series in the Shampur basin is a 10-foot seam of good quality, the 
Top Fotka seam. This is correlated with the Chanch-Begunia 
seam of the east. 

About 200 feet above this 10-foot seam is a thin seam, both in 
the Shampur and the Chanch areas. 

The thickness of the Barakars of the western part of the field, 
is very similar to that of the eastern, and approximates 2,100 feet. 

Within Sheets 5 and 6, to the west of Luhchibad, the uppermost 
Barakars, including the Begunia seam, abut against the metamorphics 
of the main boundary fault. This fault here follows a southeasterly 
direction, and appears to continue as a cross-fault to the west of 
Raghunathpur, bringing in the Talchirs of the west against the Iron¬ 
stone shales to the east. Mr. Gee remarks that it may well be 
the continuation of this displacement which continues through the 
Deoli-Nadiha area and, showing a hade to the northeast of 45*^—50"", 
displaces the Raniganj beds, including the Dishergarh seam, to 
the extent of 500 feet. To the west of this fault, just north of the 
Damodar river, the Talchirs are well-exposed resting on the meta¬ 
morphics. They are, here, very thin, though the boundary appears 
to be a natural one of deposition; the Barakars, with a basal 
pebble-bed, crop out a short distance above. On the south side of 
the Damodar these Barakars appear to rest directly on the meta¬ 
morphics, and after a relatively small thickness of massive grits,- 
sandstones, and shales with thin coal-seam out<;rops, all dipping 
steeply to the E.S.E., these typical Barakar types pass up into 
shales with ironstones. The upper Barakar sandstones pass laterally 
into grey shales and sandy shales with ironstone bauds, so that 
the Barakar-Ironstone shale junction is less distinct than in the 
areas to the north. Above a relatively thin Ironstone Shale group, 
typical Raniganj beds crop out covering a large part of Sheets 6 
and 6. Of the seams of these lower measures of the Raniganj 
group, the Dishergarh seam is alone worked at the present time, at 
the collieries of Saltore> Deoli, Nadiha, and Parbelia. It is from 
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16-16 feet thick to the northeast but thins somewhat and deterio¬ 
rates in quality to the southwest. Several thin seams of inferior 
quality crop out in the upper measures and, like the Sanctoria 
seam below the Dishergarh, have been worked in the past. Generally 
speaking, the upper Raniganj beds, with Panchets above them, 
form a syncline pitching eastwards in the eastern part of Sheets 
6 and 9. The southern limb of this syncline in Sheet 6 is faulted, 
and the beds turn over to the southern boundary-fault as the 
southern edge of the coalfield is approached. Near this boundary- 
fault the Panchets, with Dubrajpur beds (supra-Paiichets) above, 
forming the Panchet, Gorangi, and Beharinath hills, overlie these 
Raniganj beds. Within the lower Panchet beds of Sheet 10, fish- 
acales and doubtful Estheria remains were discovered, together with 
a few imperfect plant impressions. Near the line of the main 
boundary-fault in Sheet 14, the uppermost Raniganj beds, with 
well-preserved fossil leaves, crop out in several small inliers. 

The grits and sandstones of the Durgapur area of the eastern 
part of the field, were examined by Mr. Gee. These beds include 
bands of red and whitish clays, and are pebbly in some exposures. 
They bear a certain resemblance to the Dubrajpur beds of the 
western part of the field, and in the absence of fossil evidence 
have been tentatively correlated with these strata. The middle 
Panchet beds, which crop out near Andal appear to overlap on to 
the upper Raniganj rocks, and there is some evidence to suggest 
that, further east, the Durgajmr beds also overlap on to these 
upper Raniganj horizons. 

Large areas of latcTite, varying to a lateritic conglomerate and a 
scini-consolidatcd cpiartzile gravel-bed to the ea.st, cover wide tracts 
in the eastern part of the coalfield. The laterite a]>peared to Mr. 
Uee to have been derived from a ferruginous sandstone bed 
deposited in sub-Recent times. In the eastern part of the field 
the Raniganj and Durgapur beds are often overlain uncoiiforniably 
by a coarse gravel-bed consisting almost entirely of well-rounded 
quartzite pebbles in a yellow to red ferruginous matrix. This 
pebble-bed pass(‘s up into a ferruginous grit with fewer pebbles, 
the upper 4 to 6 feet being converted into laterite. This laterite 
zone includes an upper portion of hard boulder laterite, and a 
lower section of rubbly laterite. To the west, the ba.sal gravel 
bed is not represented ; from 2-5 feet of laterite, rubbly aud gritty 
below, rest somewhat irregularly on the Raniganj sandstones. 
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At a more recent date this laterite land-surface was intersected 
by erosion and in the lower ground thick deposits of a clayey allu¬ 
vium were laid down. This alluvium covers large areas of the south¬ 
eastern part of the coal-field so that the laterite-covered tract is 
now exposed as islands in the alluvial sea. 

At the beginning of the field season a visit was paid by Rao 
Bahadur Vinayak Rao to the Sakarsanhalli area where manganiferous 
limestones are found. These occur in the 
^ Mysore State bordering the Kangundi zemin- 

dari in the Chittoor district and are almost 4 miles from Bisa- 
nattam railway station on the Madras and Southern Mahratta 
Railway. The area consists of gametiferous gneisses, pegmatites, 
and aplites which have intruded into diopsidites, micaceous schists, 
and hsematitic quartzites which form a thin band and must be re¬ 
ferred to the Dharwars. The manganiferous limestone which is 
found only near the village Sakarsanhalli is of secondary origin 
and is derived from the manganese garnet. It has been worked out# 
Sheets 67 P/5 and 67 P/1 were mapped by Mr. Vinayak Rao in 
detail. An interesting occurrence of dunite was discovered in the 
N. Arcot District, hills 4 miles east of Vellore town. The dunite 
^•^*’®** forms a low hill extending in a north-eastern 

direction and is associated with the norites of the charnockite series. 
The following rock formations were noticed:— 


Older gneisses and schists. 

Charnockites. 

Augite-syenite. 

Gametiferous gneiss. 

Gingee gneiss. 

Hornblendic gneiss. 

Though no mention is made of the Dharwars some ferruginous^ 
quartzites found in the charnockites and containing iron pyrites 
may perhaps be referred to this system. Further south bands of fer¬ 
ruginous quartzites and hornblende-schists have been noticed. 
Though the granites and gneisses have an intrusive relationship to 
them Mr. Vinayak Rao suggests that some of the contorted mica- 
schists and gneisses found on the western edge of the Dharwar belt 
near Bisanattam railway station and near Jalarpet may be older 
than the Dharwars. Owing to subsequent intrusions the relationship 
between these older gneisses and the Dharwars cannot be made 
out with certainty. The charnockites are found as sills and form- 
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ing hill-masses similar to those in Kailasgarh about 4 miles S.W. 
of Vellore. They are mostly the intermediate and basic varieties. 
Associated with them are the garnetiferous leptynites, augite-syenites 
(near Jalarpet) and hornblendic gneisses. There seems to be a 
gradual passage from the intermediate and basic charnockites to the 
syenites and gneisses. The augite-syenites in which some of the 
augite crystals are found changing into hornblende, may be consi¬ 
dered to be a little newer than the charnockites and of the same 
magmatic origin. 

A number of E.-W. dykes are found in this area extending 
for several miles. They are mostly doleritic and in one place, 
south of Pusimalai Kuppam (67P/1. 79® 14'; 16® 46') they seem to 
be intruded by a band of norite extending in a N.-S. direction. 

A new type of rock containing hornblende and a pink felspar, 
generally coarse in texture, has been found forming the whole of the 
hill containing the famous fort of Gingee in the South Ajcot district 
and it is proposed to call it the Gingee gneiss. Bocks of this type 
have been found as far west as Krishnagiri in the Salem district 
and near the sea-coast. They are also found extending north 
near Ranipet and other places. 

The hornblendic gneiss, the Gingee gneiss, and the garnetiferous 
gneiss are probably all of the same age. These are the rocks which 
form the main masses of the hills in the North Arcot district. 
The garnetiferous gneiss is found extending for a considerable 
width in 57P/1 and forms hill-masses. In places the garnets are 
replaced by biotitc and the biotite-gneiss found further north is 
concluded by Mr. Vinayak Rao to be of the same age as the garneti¬ 
ferous gneiss. The charnockites form generally thin bands and sills 
in the eastern part of this area. 

Dr. G. de P. Cotter was again placed in charge of the Punjab 
Party, consisting of Messrs. D. N. Wadia and E. R. Gee, 
and Sub-Assistants H. M. Lahiri and P. N. 
Punjlb**^ Pi«tc«u, Mukherjee, and commenced field work in the 
Pindi Gheb tahsil of the Attock district, 
where the mapping of the Pot war was continued from the area 
completed last year. Dr. Cotter, with the help of Mr. P. N. 
Mukherjee, who was placed under him for field training, was able 
to map the whole of sheet 43 C/8, and portions of sheets 43 C/3, 
43 C/12, 43 D/6, and 38 0/16, which comprise parts of the Pindi 
G)ieb and Talagang tahsUs of the Attock disi^rict. The rocks of 
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the area mapped are entirely freshwater Tertianes, ranging from the 
Murree series to the Upper Siwaliks. 

Sheet 43 D/5, which was mapped mainly by Mr. P. N. 
Mukherjee, is covered entirely by Middle Siwaliks and alluvium. 
The Siwaliks dip gently north and form the southern flank of the 
Soan geo-syncline. 

Dr. Cottier reports that Sheet 43 C/8, which lies to the north 
of D/5, shows a complete section from the Upper Siwaliks to 
the Kamlials. The northern part of this sheet contains the Dhulian 
dome, which was tested for oil some years ago by the Attock Oil 
Company. The anticlinal fold upon which the domes of Khaiir and 
Dhulian are situated, continues right through the sheet from easi, 
to west. South of this fold is the great Soan geo-syncline, the 
northern flank of which extends to the middle of the sheet, while 
the south of the sheet shows almost horizontal beds whicli occujw 
an axial position in the geo-syncline. The Upper Siwaliks, exposed 
around Mathrala, are buff and brown sandstones and drab, brown 
and red clays. The basal beds on the north of the Upper Siwalik 
outcrop are conglomeratic, but no continuous bed of conglomerate 
was found on the southern margin, and the boimdary had in 
consequence to be drawn by an approximate line. The Middle 
Siwaliks occupy most of the sheet and are rich in vertebrate 
remains south of Dhok Pathan. Several further specimens were 
obtained, but no new species added to the list given by Dr. 
Pilgrim in Kecords, volume XLIII, pp. 281-287. 

The Dhulian fold shows an anticlinal crest which pitches both 
to the E.N.E. and the W.S.W. The anticline is continued west¬ 
ward by another crest disposed in echelon to that of Dhulian 
with a gentle syncline showing some contorted strata between tRc 
two crests. To test adequately the Dhulian dome for oil, would 
require a very deep test well. In view of the recent successful 
deep drilling at Khaur, Sheet 43 C/3 is, in Dr. (Jotter’s opinion, 
interesting, because of the various strike-faults which traverse 
it from east to west ; these strike-faults, according to Dr. Cotter, 
mark the positions of crushed anticlinal crests. The rocks exposed 
in the sheet range from Jlurrees to Middle Siwaliks. In the 
southern portion of the. sheet a crushed anticline in Chinjis occuni 
on which the village of Meyal-ki-dhok is situated ; this area was 
tested by a deep bore many years ago by the Burmah Oil Co. The 
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sharpness of the anticlinal fold and the crushed crest made the pros¬ 
pects of oil doubtful, and the test was unsuccessful. 

In the Hazara district, the northern j'oition of sheet 43 Fy3 
was mapped, special attention being paid to the rocks mapped by 
Hazara District, D. N. Wadia previously as doubtful Gond- 

wanas in sheet 43 F/7 and those mapped under 
the same head last season in sheet 43 F/6. 

The I orthern portion of sheet 43 K/3 presents the same features 
as the southern half, which was mapped about 30 years ago by 
Mr. C. S. Middlemiss, the results of whose survey were published 
in the Memoirs (Vol. XXVI). The rocks of the area are quartz- 
schists, mica-schists, and phyllites with gnmite intrusions. Both 
the granite ami the schists are penetrated by dolerite dykes. An 
attempt was made to map separately the granite intrusions and the 
schists. Dr. Cotter agrees with the view expressed l)y Mr. C. S. 
Middlemiss that the schist-s are metamorphosed representatives of 
sedimentary rocks, mainly of the Hazara Slate series, but suggests 
that there may l)e other formations present as well, which cannot 
now be recognised or separated out owing to the metamorphism. 
Dr. Cotter examined the rocks near Garhi Habibullah Khan (sheet 
43 F/7) which Mr. Wadia has referred tentatively to the Gondwanas. 
These rocks are also schists (quartz-mica-schists, mica-schists, and 
phyllites), and Dr. Cotter considers that, while more arenaceous as 
a whole than the Hazara slates, they cannot be separated with any 
certainty from the metamorphic schists generally of Hazara, nor 
from the schists in the north of 43 F/3. Some conglomerates and 
massive white quartzite cast of Kagal village, 3 miles north of Gsrhi 
Habibullah Khan are probably of Infra-Trias age and are the meta¬ 
morphic representatives of the Infra-Trias. If this correlation l>e 
correct, and if the Infra-Trias, as is supposed, be truly of Upper 
Carboniferous to Permian age, then this portion only of the schistose 
group would be of CJondwana age. The re^t of the schists must, 
however, in Dr. Cv>tter s opinion, l>c regarded as older than the Infra- 
Trias, and possibly represent the Hazara slates and older formations 
It is possible also that in the schistose rocks, portions of the Devonian 
and Silurian are represented. It must be remembered, however, 
that in that part of Hazara mapped by Mr. C. S. Middlemiss the 
Infra-Trias rests directly on the Hazara slates of supposed Cambrian 
or pre-Cambrian age, and that the Lower Carboniferous, Devonian, 
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and Silurian are missing. Mr. Wadia has now modified his views 
and accepts in the main Dr. Cotter’s conclusions. 

Mr. D. N. Wadia spent the first part of the field season in mapping 
the Mt. Tilla, Bakrala, and Diljaba*portion of the eastern Salt Range 
(Sheets 43 H/1 and H/6). The Mt. Tilla area was mapped bn the 
Eastern Salt Range, 4-inch scale. A remarkable tectonic feature of 
this hill-mass is the overthrust of the Cam¬ 
brian rocks, commencing with the Purple sandstone (which Mr. 
Wadia, following Wynne, has included with the Cambrian), exposed in the 
striking south-easterly escarpment, onto the Chinji stage of the Siwaliks, 
the plane of this thrust being observed as a winding line along the 
lower part of the escarpment for several miles. At the N.E. end, 
the Chinjis directly underlie the Neobolus shales, which are surmount¬ 
ed by the Magnesian sandstone (dolomite). Near milestone ‘ 20 ’ 
of the Jhelum-Tilla road, between the Chinjis and the Neobolus 
beds, is a small patch of squeezed and rolled-in Eocene limestone, 
containing Nummulites and Assilina. No red Salt marl was ob¬ 
served on the Tilla scarp as a normal rock horizon, though small 
pockets of this rock, if crushed in with the bright red Chinji clays, 
would easily escape notice. 

The northwestern face in which the exposures are much obscured by 
forest and scree, is a dip-slope of Magnesian sandstone, with a skin 
of Salt-pseudomorph shales, covered by patches of the Talchir 
boulder-bed and succeeded by 20-80 feet of Nummulitics, begin¬ 
ning with a pronounced basal lateritic bed. This is overlain by 
a complete sequence of the Upper Tertiaries. At two localities 
(Mahesian and Eakh Nili), elliptical dome-folds, encompassing con¬ 
siderable areas, were mapped by Mr. Wadia ; in the Mahesian dome the 
core-rock is Chinji, amid Middle Siwaliks with gentle qua-qua-versal 
dips while in the Rakh Nili faulted twin-dome fold, the arching 
of the axis of the Bakrala anticline has proceeded to such an extent 
as to reveal a central axial core of Lower Murrees. The crestal Murrees 
are surrounded on nearly three sides by an encircling escarpment 
of Kamlial sandstones on the unfaulted flank of the dome. 

The northwestern limb of the Bakrala anticline is imdisturbed, 
but its southeastern foot is considerably fractured by parallel 
strike-faults throwing down to the south, the throw of the fault 
increasing to the south-west, where ty^pical Lower Murrees abut 
on verti^ Middle Siwalik strata. Near Domeli, a faulted inlier of 
Nununulitios is exposed and at itp bj^ie occur two or three strongly 
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saline springs slightly charged with sulphur; the source of the salt is 
probably a concealed outcrop of the Salt marl. Another salt-spring 
occurs in the Diijaba, 17 miles to the south-west, where the Num- 
mulitic limestone reappears among steeply fractured and inverted 
Siwalik strata, followed 7 furlongs still further in this direction by 
the emergence of the Purple sandstone and later Cambrian rocks of 
the Diijaba. In spite of these salt springs, Mr. Wadia records the 
absence of any outcrop of the Salt marl beds in relation either to 
the Cambrian or the Eocene rocks of Diijaba. 

In the mapping of the Diijaba hills, the chief difference from 
Wynne’s map is the evidence obtained by Mr. Wadia of a thrust 
contact between the Cambrian rocks of its abrupt northwestern scarp 
and the Middle Siwalik forming the foot. Beds of the latter dip 
beneath the Purple sandstone and tongue out into the valleys a 
relationship observed along the whole northwestern face, from Ghora 
Gali to Shahpur, though the thick sunnehta scrub and debris have 
greatly obscured tUe sections. The existence of this thrust is corro¬ 
borated by the presence of thin, short strips of Nummulitic limestone, 
cleanly wedged in among the succession mapped aa Cambrian, a feature 
for which Mr. Wadia found it difficult to find any other explanation. 

Resting between the steep, convergent dip-slopes of the Umrila 
plateau between the Tilla and Diijaba ridges, is a quadrilateral 
basin, the major synclinal depression of the area, produced by 
the fusion of two north-easterly pitching synclines. The whole Tertiary 
sequence, from the Eocene to the Tatrot zone, is represented ex* 
cept for the Chliarat stage, which Mr. Wadi.i failed to recognise ; 
the Murrees also are greatly rediuvd in thickness. The ]\lurrees 
exhibit, save in the basal 100 foot or so, a modified facies of com¬ 
position, resembling the ll])per Murn^e stage of more nortlierly 
areas. Further westwards, towards Karangli, (Sheet 32 H/1) the 
Murroe stage, according to Mr. Wadia, disappears altogether, by the 
thinning out of its basal part and the gradual lateral passage of its 
upper into the Kamiials, this stage attaining in this area a very full 
development (over 2,000 feet). 

Mr. Wadia resumed the mapping of the Hazara-Kashmir syn- 
taxis early in the spring. The main tectonic lines as well as the 
oompoaiitioD of the various post-Purana cons- 
Kashmir syn ^ituents of this belt of abnormal strike in the 
northwestern Himalaya have been studied up to 
Kaghan (Lat. N. 34"^ 47'). ITxe inner boundary is described by Mr. 

K 
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Wadia as a thrustplaoe, along whicli Dogra slate and the oldest 
sedimentary rocks of the Himalaya—marble, calc-schists, and graphite- 
schists of the Salkhala series—^have been slid bodily over the upper 
Carboniferous, by thrusts directed from the N.W. and N.E. Between 
these inner Purana slates and crystallines and the Oligocene Murree 
series, which constitutes the long central bay of the syntaxis, a well- 
defined linear zone of compressed, vertical strata stretches in a deep 
re-entrant loop into the inner mountains. The width of this zone 
is irregular, being determined by the varying amount of lateral 
movement that has taken place in the two bounding thrust-planes. 
Five distinct rock-systems were recognised between these two thrusts ; 
these, in order from outside to inside, were: (1) Eocene, (2) Trias, 
(3) Carboniferous Panjal Volcanic series, (4) the Infra-Trias, and 
(5) the series of metamorphosed sediments, the Jured formation. 
The series of limestones usually known by the indefinite term 
‘ Infra-Trias ’ have been found by Mr. Wadia to be interbedded 
and intimately associated with the Upper Carboniferous lava-flows 
and Agglomeratic slates, at several different localities, in a manner 
which suggests either contemporaneous deposition, or immediately 
subsequent injection of the lavas as sills. The altered arena¬ 
ceous Jured sediments have been found to show an apparently 
conformable passage into the Agglomeratic slates. The latter have 
more of the character of volcanic tuff, even than they have in 
Kashmir. Some obscure Fenestella-Wk^ markings have been found 
in them. 

Though a considerable amount of compression is ^iBible in the 
vertically disposed bands of these strata, there is comparatively 
little contortion, shearing, or dynamic metamorphism. The inner 
of the two concurrent thrusts, between Manur and Bal^ran, 
passes into a recumbent fracture, over which blocks of Salkhala 
schists have transgressed successive Palaeozoic and Mesozoic belts 
and come to rest, near Machhiara and Galikhetar (sheet 43 F/11) 
on the Murrees. These Salkhala blocks have evidently travelled 
some distance from the east. The overthrust is described as one 
of progressive intensity from north to south, for, whereas the width 
of the various Carboniferous-Eocene bolts is 6^ miles at the inter¬ 
section of the Kunhar in the Malkand mountains, within a short 
distance it is reduced to J mile, and at Galikhetar to almost nothing, 
in consequence of tongues of the older crystallines projecting out 



Part 1.] 


Oeneral Report for 1929. 


IM 


towards the Murrees. On the western border the thrust is uniformly 
more intensive along the whole border. 

In the synclinal trough of Palaeozoic sediments in the Shamsh 
Abari range of the Karnah district of Kashmir (Sheet 43 F/15), 
rocks identified by Mr. Wadia as older Palaeozoic last season have, 
at two or three localities, yielded fairly well preserved trilobites 
and Obolaceous brachiopods. The occurrence of fossils in this 
area is extremely sporadic and large expanses of rocks of ab¬ 
solutely identical composition and stratigraphic position have 
yielded nothing but some yellow blotches, streaks and dots on wea¬ 
thered surfaces. The trilobite genera, provisionally identified, are : 
Conocoryphe, Agnostus, and Microdiscus from one locality and some 
Acidaspid genera from another. The Cambrian-Silurian sequence 
is 7,000 feet thick ; it is succeeded by 2,000 feet of Muth quart¬ 
zites, 100 feet of Syringothyris limestone and 5,000 feet of Panjal 
lava-flows and ash-beds, which occupy the central part of the basin 
and overlap the boundaries of the two former series. In the crest 
of the syncline, at 13,000 feet altitude, a small outlier of thin flaggy 
shales and limestones occurs, representing the Zewan stage, and 
passing conformably up into well-bedded, massive, grey limestones of 
Triassic age. No good, identifiable fossils occur in these series, 
as can be judged from the numerous hli}>ped blocks, landslides, 
etc.; the actual outcrop, situated upon bare, craggy lava precipices, 
is for the pre.sent inaccessible. 

The belts of arenaceous and strongly qnartzose sediments lying 
in the Dogra slate of eastern Manschra, which were referred tentative¬ 
ly to the Gondwanas last season, have been found to extend into 
the Kaghau valley. This rock-series has been examined in more 
detail but its field relations at any rate for a considerable part 
of this belt—as well as its microscopic examination do not sup¬ 
port the inference of Gondwana age. The high grade of dynamic 
metamorphism generally seen in some members of this group, e.g., 
in the thinly foliated quartz-schists and mica-schists, seems to indi¬ 
cate an older age. At the same time, the apparently conformable 
passage of these sediments at Jured into the Agglomeratic slate 
would, for part of the series at least, favour the supposition of an 
ago close to that of the Panjal \olcaDic8. Their relations to a 
strong basal conglomerate, which has several points of aflinity with 
the Blaini conglomerate, may, according to one set of- opinions, 
support this view. Mr. Wadia suggests that the more quartzose 
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members are probably of Devonian age the Hazara representatives 
of the Muth quartzites of Kashmir —but further field work is neces¬ 
sary before the question of the correlation of these sediments, which 
are admittedly easily separable from the Dogra slates of Hazara, 
can be settled satisfactorily. For the present it will be convenient 
to designate this formation by the non-committal name of Jured. 
It is possible that representatives of two or more distinct formations 
exist in the wide belt crossed by the Batrasi pass and its homoge¬ 
neity may be only an apparent one, brought about by a copious 
injection of granite. 

During the latter half of the field-season, 1928-29, Mr. E. R. Gee 
continued the detailed re-survey of the Salt Range. The sections 
of the uppermost beds of the Salt Marl series 
Salt Range, Punjab. as exposed in the Khewra gorge were examined, 
in an endeavour to corroborate Mr. R. van 
Vleck Anderson’s reported discovery of fragments of dicotyledonous 
leaves.^ A second visit was paid to this locality, in company with 
Dr. Cotter, but on neither occasion could evidence be found to sub¬ 
stantiate this fossil find.^ From Khewra, Mr. Gee continued to 
Jutana {32° 43'; 73° 9' 30") and mapped eastwards along the scarp 
and the southern edge of the plateau, from Chhammal mountain 
in the west to Mariala in the east, including the eastern half of 
Sheet 43 H/2, extending the mapping of Chambal ridge to the 
north of Jalalpur (32° 40'; 73° 24' 30"). Sheet 43 H/0 was comp¬ 
leted. Returning to Ara (32° 45' 30"; 73° 13') Mr. Gee con¬ 
tinued the mapping of the Find Dadan Khan iahsil portion of Sheet 
43 H/1, and of sheet 43 11/5, working westwards to the Chel and 
Karangal ridges in the southwestern corner of Sheet H/1 ; the 
northwestern corner of Sheet 43 H/2 was also surveyed. 

About half-a-mile north of Khewra village, the clay-shales 'of the 
lower part of the Purple Sandstone series come in above the upper¬ 
most beds of the Salt Marl group. In thia locality, on the east 
side of the glen, the beds capping the Salt marl include the following 
succession in descending order:— 

6. Dull-red gypsiferous marl, including masses of white and 
pink gypsum. Thickness variable. 

* BuU. Oeoi. Soc. America, VoL 38, p. 672. 

* Slno# then, however, Mr. Qee has found a small piece <>f fossil Tiood and recog- 
oisable nummulitet in red niarlt which have always been regarded as part of the 
Saline seriee. 
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4. Khewra trap 7 ft. 9 ins. 

3. Greenish clay, with dark inclusions ; it also includes some 
crystals of selenite and sandy dolomite bands. Thick¬ 
ness 1 ft. 6 ins. 

2. White and grey dolomite, finely bedded, sometimes cherty, 
including bands of black bituminous shale, two such 
bands Ixnng promijieiit iii the lower 3 feet. The dolo¬ 
mite is irregularly jointed, and is sometimes very friable; 
the sbalt; cleaves e.asily. Seleiiite films are included 
within these sliales. Total tliickness (> ft. G ins. 

1. Decomposed white and grey, bedded, fine sandy dolomitic 
rock, usually very friable. Thickness 11 ft.-f-Red mark 

The succession of strata was carefully examined for fossils 
without success.^ Yellow dendritic markings occur along some of 
the cleavage-planes of the bituminous shales. On the bedding- 
planes of certain of tlie und('composed strata in Zone^ were noted 
dark markings which might possibly re})resent the remains of fossilis¬ 
ed organic matter ; on the other hand th('y may have been merely 
the result of infiltration along the cleavage and bedding planes. 
Similar beds, though varying in thickness* were examined on the 
west side of the gorge. 

The general succession of the strata of the Jutana-Chanuwala 
area was not('d in the General Report of last year^. Followed east¬ 
wards along the scarp and southern edge of the plateau, to Jalalpur, 
the lower groups- -Salt marl, Purple wsandstone, Jutana dolomite, 
and Neobolus shale remain very constant in occurrence, whilst the 
overlying strata, comprising the Salt Pseudomorph group, Talchir 
boulder bed, and the Nuimnulitic series, gradually diminish in 
thicknei^s. The Nuimnulitics, about 125-150 feet thick to the 
north of Ara, thin fairly rapi^Uy eastwards, and finally die out just 
east of Lambi Lohi in the northwestern corner of Sheet H/G. The 
variegated sandstones and pisolitic clay bed beneath the coal hori¬ 
zon at the base of the Nummiilitics, also disappear in this locality. 
The Talchir boulder beds below vary in thickness in the eastern- 
part of Sheet H/2, below the Ara plateau. The boulders included 
are often well facetted, and comprise a great variety of types. In 
general the thinning to the east is gradual and, except for occasional 

^ Soe note on p. 141. 

* Bte. CM. Surtf. Ind., VoL LXn, Pt. 1, p. 169, (1929). 



iu Records of the Geological Survey of India. [ VoL. LXIII, 

large pebbles resting on the uppermost Salt Pseudomorph beds to 
the north of Thil (32° 42'; 73° 20'), the Talchirs also die out a short 
distance east of Lambi Lohi. The Salt Pseudomorph beds are 
exposed in considerable thickness—several hundred feet—in this 
Lambi Lohi area and to the west, but above Thil these strata thin 
rapidly. North of Jalalpur, on the west side of theKahan Kas, 
these beds still form a prominent bright red band resting on tlie 
Jutana dolomite (Magnesian Sandstone group) of Mangal Dev, 
but to the east of the Kahan Kas, in the Chambal ridge, the group 
is absent. Resting on the Nummulitics to the west and the Salt 
Pseudomorph beds to the east, are the Tertiary sandstone and 
clay beds, with conglomerates in the upper part. These beds 
form the northern slopes of the range, south of the Bunhar river 
of Sheet 43 H/6, aiid cover a wide area north and east of the Ara- 
Umrila plateau of Sheet 43 H/1; they are again well-exposed to the 
south and east of the Chambal ridge in the eastern part of Sheet 
43 H/6. The greater portion of this Tertiary sequence belongs 
to the Siwalik group, but at the base—^usually with a basal conglo¬ 
merate of yellow nummulitic pebbles, or a grit full of nummulites, 
up to several feet thick—is a succession of massive, moderately 
hard, fine, dull green sandstones, with intercalations of grit and 
pseudo-conglomerate. With these arenaceous beds, bands of purple 
and purple-red shales, and clays, together with some bands of brighter 
red clays are interbedded. These massive sandstones, being harder 
than the true Siwalik types above them, form very pi;omineni dip 
slopes on the north side of the range and the north and east sides 
of the Ai*a-Umrila plateau. Mr. Gee notes that these basal sand¬ 
stones of the Salt Range are somewhat softer in texture, than those 
of the northern areas, that the purple clay-shales of the Salt Range 
‘ Murrees ’ are less shaly and indurated than those of the true 
Murrees, and that the red clays which are included in the Salt Range 
beds appear to be absent from the typical Murree group. On 
purely lithological grounds, it is suggested that these Salt Range 
strata, belong either to the uppermost Murree horizojis, or re¬ 
present a series of beds transitional between the true Murrees and 
the Kambals. In this connection Mr. Gee notes that to the west 
of the Umrila plateau, in the western slopes of the ridge of Mt. Chel, 
it is very difficult to separate these lower Tertiary beds into a lower 
or Murree and an upper or Kamlial horizon. The intervening 
tract between Umrila and the Mt. Chel area requires further examina- 
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tion in order to prove whether the change in due to lateral variation 
in these supposed Murree beds, or whether the latter zone has died 
out to the west, in which case the beds seen in this Kakh Drengah 
area should all be put in the Kamlial subdivision. These basal 
Tertiary sandstones include numerous pieces of silicified fossil 
wood and bone-fragments; one well-preserved tooth was also dis¬ 
covered. 

As we rise in the Siwalik series, the sandstones become softer 
in texture, and of lighter tints. Tlie Kamlial group, followed 
by the red clays of the Chinjis, is fairly well-defined. The Chinji- 
Middle Siwalik boundary is somewhat less definite, whilst the 
change up into the Upper Smaliks is very gradual. Mr. Gee 
takes the uppermost bed of massive grey-coloured sandstones as 
the top of his Middl(‘ Siwaliks. Tliese divisions fall in very well 
with the earlier mapping of the Siwaliks by Dr. Pilgrim. 

Within the greater ])art of Cham})al ridge, to the north of Jalal- 
pur, the Tertiary sandstones rest immediately on the Magnesian 
Sandstone beds, a thin basal conglomerate, including rounded num- 
mulitic pebbles, usually intervening. The magnesian sandstones 
are here much thinner than to the west, and in some cases absent 
altogether. 

In the nortlnvestern corner of Sh(‘et 43 H/2, and the southw’esiern 
part of 43 II/l, certain lateral changes were noted in the lithology. 
Mr. Gee observes that the Salt Pseudomofpli beds thin, also, to the 
west of the Ara plateau, being represented by a very thin band of 
red flags and shales around Mt. Chel and Karangal. On the other 
hand, the Talchir beds above them, thieken considerably, and 
above the thick boulder-bed, massive and slialy yellow and green 
sandstones and grey shales, slightly carbonaeeous, are exposed in 
some sections. The piaolitic haematite band at the base of the 
Nummulith’s is usually persistent, and the thin imjmre coal-seam 
immediately above has been exposed in several diggings, just below 
the thick Niimmulitic limestones which form the Pasharat-Umrila- 
Ara plateau. These Nummulitics are about 250 feet thick in these 
western areas. 

The detailed mapping of this eastern part of tlie Salt Eange has 
revealed a type of structure, the presence of wliicli, although pre¬ 
dicted by various WTiters in the past,—Sir Edwin Pascoe in parti¬ 
cular,—^had not been established in the previous geological surveys 
of the area. Mr. Geo refers to the overthrust and fold-fault struc- 
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tures of the Jalalpur-Chambal ridge areas of Sheet 43 H/6. He 
is convinced that tlie repetition of tlie strata and the attending 
complications of this southeastern corner of the range, are the 
results of compressive forces -as distinct from icmsional stresses - 
acting in various directions in tlie different localities. In llie first 
place it should be mentioned that tlie Furple Sandstone series 
underlies the Neobolus shales, and no evidence of an over- 
thrust between these two groups of strata is discernible. The 
Purple Sandstone-Magnesian Sandstone strata continue along tlu' 
scarp slopes to the east of Baghanwala as far as Jalalpur. A 
sliort distance east of Pipli, })urple-red marls with massive gypsum 
and dolomite in the upper part, come in below tlie purple shales 
which underlie the massive Purple sandstones, and tJiese upper¬ 
most Salt Marl beds thicken to at least 100 feet above Chitthi, 
but thin out again to the east below the peak of Mangal Dev. These 
beds dip at about 30® into the scarp slopes, and are underlain in 
the lower slopes by a thin series of grey sandstones and light-brown 
clays indicating a Middle Siwalik horizon, dijiping beneath the 
gypseous marls at a moderate angle. The junction between these 
Siwalik and upper Salt Marl beds apjiears to be definitely an over- 
thrust or inclined fold-fault in which a considerable movement 
southw^ards has taken place. In the lowest slopes, almost vertical 
Upper Siwalik conglomerates come in, and dip steeply to the south 
above Jalalpur village. To the w^esh of the Kalian Kas. which 
intersects the range to the north of Jalalpur, further evidence of 
repetition by overthrusting is observed, jiarticularly in the eastern 
slopes of Chak Jalal Khan, where the Salt Pseudomor])h beds— 
here very thin—and the Magnesian sandstones are repeated at least 
five times ; these imbrications die out rapidly both to the east and 
west. In the vicinity of the Kas the structure is very compb' 
cated. The outcropping strata are mainly of the Siwalik horizoir 
but are intersected by a narrow, almost vertical, sheared zone, 
consisting of irregular outcrops of gypseous marl, Purple sandstoiU‘S, 
Neobolus shale, and Magnesian Sandstone beds. The beds com¬ 
prising this ‘ tear-zone ’ link up thes(' outcrops above the 
overthrust of the southern slopes of Mangal Dev, with those of 
the southwestern end of Chambal ridge. From this southwestern 
end of Chambal ridge another zone of steeply-dipping, somewhat 
shattered Palceozoics and gypseous marl, runs in a westerly 
and northwesterly direction connecting up with the exposures of 
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these older rocks around Dhok Chanda and Naghial. Against 
the western side of these Palseozoio outcrops the Siwaliks from 
the northwest—^between the main ridge of the Salt Range and 
the Bunhar river—end abruptly. These Siwalik beds swing round 
rapidly to the northwest and dip almost vertically against the 
Purple sandstone and Cambrian strata. 

Within the western slopes of Chambal ridge the older rocks are 
again represented, dipping to the east at moderate angles. Evi¬ 
dence of overthrusting was again noted in the exposures at the 
foot of ilie western scarp of the ridge. Palaeozoic roriks, mainly 
Magnesian sandstones, form small foothills to the west of the out¬ 
crops of gypseous red marl, and in several cases these beds are seen 
to underlie the gypseous marls. In one section a thin band of lower 
Tertiary sandstone, of Murree type, rests on the Magnesian Sand¬ 
stone beds of the foothills, and dipping at about 30^ to the east, 
was observed in one small stream-section, definitely to underlie 
the red marls of the Salt Marl series. It is difBcult to explain such 
exposures except by regarding the Salt Marl beds as overthnist on 
to these Tertiary sandstone and Magnesian Sandstone strata. 

From the detailed mapping of the above noted areas, Mr. Gee 
observes that the rocks of this eastern part of the Salt Range were 
influenced by great compressional stresses at a very late period of 
the Tertiary epoch, resulting in the complicated overthrusts and 
tear-faults of the area. The fact that in all these phases of move¬ 
ment the Salt Marl series, together with the Purple sandstones, 
Cambrian beds, etc., acted in every case, as one large group of 
strata, is a point which will require further investigation and 
explanation if a Tertiary age is to be assigned to the Salt marl. 

A short distance east of Baghanwala, in the northeastern corner 
of Sheet 43 H/2, the Palaeozoic strata of the scarp slopes are re¬ 
peated by normal faulting ; in the lower slopes there was some in¬ 
dication of the overthrusting of a thin zone of Salt marl on to the 
Purple sandstones. At Mt. Chhammal in the middle part of Sheet 
43 H/2, an overthrust or reversed fault, dipping steeply at an angle 
of about 60° to the northwest, repeats the succession. 

Over the greater part of the scarp the dips are to the north into 
the hill-slopes, but to the west of Chanuwala and Mt. Chhammal 
they are to the west, again towards the plateau. Proceeding towards 
the plateau, Mr. Gee notes that the strata are much more gently 
inclined, the Nummulitics—^in many places almost horizontal— 
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capping wide areas. This plateau region, has, however, been com¬ 
plicated by a number of steep flexures—^usually monoclines with 
a steeper western limb—^running in a general north-inclined-easterly 
direction. These flexures die out to the north. Other less pro¬ 
minent low anticlines cross them in an east-north-easterly direction, 
and within the cores of these structures the older beds crop out. 
The ridge of Mt. Chel in the southwestern part of Sheet 43 H/1, 
represents one of these steep monoclines overfolded slightly to 
the W.N.W. The axial beds, , comprising the upper part of 
the Purple sandstone and the Cambrian series, are also affected 
by small cross-faults, which do not appear to distiirb the newer 
strata in either limb. In the Karangal ridge the older ])eds are 
again exposed and are cut off by the continuation of the Diljaba 
thrust or fold-fault of the western slopes. Mr. Gee suggests that 
this fold-fault is a complicated structure resulting in imbrications 
in the areas adjoining the main dislocation. Time, however, did 
not permit of his mapping the western slopes of the Karangal 
ridge in detail. 

Sub-Assistant H. M. Lahiri continued westwards his survey 


Attock District, Punjab. 


of the Attock district, Punjab, so as to 
complete the geological map of the Punjab 


portions of Sheets 42 C/2 and 38 0/14. In January he returned 


to Calcutta to take up pala?ontological routine work. 


The geological formations mapped in the area consisted of the 
Nimimulitic and the Murree series and alluvium. The Nummu- 


litic forms the cores of compressed anticlinal folds flanked by Murree 
rocks and occurs in narrow elongated outcrops which are confined 
to the hilly tracts to the north of Pari (33° 39' ; 72° 2') in 43 0/2 
and to the south of Dandi Jaswal (33° 37' ; 71° 59') in 38, 
0/14. Although the Nummulitics in the two areas occupy the same 
stratjgraphical position immediately below basal Murree beds, they 
pre&ent many lithological and faunistic peculiarities and seem to 
belong to different horizons in the Eocene succession. The Pari 
Nuramulitic (Sheet 43 C/2) is the typical ‘ Nummulite Shale ’ 
of the Chharat sequence which contains a fauna of Khirthar or 
Lutetian aflSnities. But the Dandi outcrop (38 0/14) is essentially 
a limestone and shale formation, the topmost bed of which is a rather 
thick, massive limestone full of Alveolince —a bed unknown in the 
Chharat Eocene. The fossils obtained from the upper beds of the 
Dandi Nummulitic included Assilina granulosa d’Arch, AssiUna 
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spira de Roissy, Nummulites (Uacicus Lcym., and Almolina cf. sub- 
pyrenaica Leym., an assemblage which, with the exception of 
A, spirOy shews a relationship to the Laki of Sind. The tentative 
correlation of the Dandi Nummulitic with the hmestone and 
shale horizon which underlies the ‘ Nummulite shale ’ stage of the 
Chharat area, confirms the views of Mr. E. S. Pinfold, who also 
regarded the massive liniestone forming the topmost Nummulitic 
bed at Panoba and other areas further to the west as equivalent 
to this horizon. This correlation, if confirmed by a later more 
detailed examination of the fossils, will be of interest as ])ointing 
to the existence, in the Nummulitic-Murree succession of the Dandi 
area, of a stratigraphical gap wider than that found in the same 
succession in the Kala Chitta foot-hills. 

According to Mr. Lahiri the Murree series which overlies the 
Nummulitic is ex})osed in the area in all its tliree stages. Litho¬ 
logically, the Murree rocks are similar to those in the adjacent areas 
to the cast described in the previous seasons^ reports. 

The general strike of beds m the hilly tract to the north ofNara 
(33° 38' ; 72° 3') in 43 C/2 is apjuoximately N.W.-S.E. and the dips 
which average 00° are mostly northerly. A notable structural 
feature in this area is that of an elongated synclinal basin occupied 
by Lower Murree rocks. By reason of its being composed of an ellip- 
tically-disposed range of strike-hills this constitutes a remarkable 
feature in the topography of the country to the north and north¬ 
east of Nara. 

The Murree beds exposed in the ci^-Indus portion of 38 0/14 
have a general E.-W. strike. A compressed latching anticline 
with a core of almost vertical Nummulitic rocks, occurring to the 
south of Dandi Jaswal, forms a prominent structural feature. The 
only other that deserves mention is a small dome noticed in Upper 
Murree beds about Ij^ miles to the west of Mari (33° 31' 30"; 72° 
30'). This is an asymmetric anticline, the beds on the northern 
limb of which dip to the north at about 35° while the dip on the 
southern arm is 60° ; the latter, however, steepens rapidly south¬ 
wards from the crest. The longer axis of the dome, which is di¬ 
rected roughly E.-W., pitches at about 25° westwards but to the cast 
the pitch 18 abrupt, being 60°. The structure is not unfavourable 
for the accumulation of oil, but the very small extent of the dome¬ 
fold at the surface and the steepness of the dips on its southern 
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and eastern limbs, limit the chances of finding any workable quanti¬ 
ties to something very small. 

The area apportioned to Sub-Assistant P. N. Mukerjee lay partly 
in the Talagang and partly in the Pindigheb iahsils of the Attock 
district (sheets 43 C/3 and 43-D/6). 

The Middle Siwaliks of sheet 43 D/5 (Talagang taJisil) consist 
of the usual dark-coloured, hard, compact sandstones interbedded 
with red, buff and orange clays; pseudocouglomerates and true 
conglomeratic pebble beds are often found. The beds, sometimes 
almost horizontal, but generally dipping very gently to the north, 
form the southern flank of the Soan geo-syncline. No vertebrate 
fossils capable of identification were found except some fragmentary 
Hipparion teeth, crocodilian bones and bovine teeth perhaps re¬ 
ferable to Tragoceras. The alluvium mapped may be classified 
into Older and Newer ; the former, occupying plateaux and high 
ground, may attain considerable thickness. 

The geological formations met with in Sheet 43 C/3 are th(» 
Upper Murrees and the Kamlial, Chinji, and Middle Siwalik stages. 
In lithological characters, the Murrees resemble the Chinjis so closely, 
that there is often difficulty in distinguishing them. The Kamlials 
are dark-coloured, hard, iron-stained sandstones, often associated 
with red clays. The resistant nature of the Kamlial sandstone 
distinguishes it from the overlying Chinjis and the underlying Murrees 
and is responsible for conspicuous ridges that extend across the 
country often for several miles. The Chinjis consist of soft, whitish 
and greyish coloured sandstones with red clays and usually coin¬ 
cide with a belt of sunken relief. In tlui Middle Siwaliks were 
found fragments of a giraffoid molar tooth, Ilipparion, and bovine 
tooth. 

The general strike of the beds in sheet 43 C/3 is E.-W. and the 
dips are generally northerly. This sheet is marked by three— 
probably four—-successive strike-faults. The effect of the first three 
has been to bring the Upper Murree beds in juxtaj^osition with 
Lower and Middle Siwaliks. These strike faults with the exception 
of the most northerly one, are traceable along the whole width of 
the sheet. The most northerly fault, which runs north of Thatti 
Sahidan village (33° 26'; 72° 13') is traceable westwards for about 
8 miles from the eastern margin of the sheet. North of the faults, 
the beds have -a general northerly dip. South of the most southerly 
of the main strike faults, the Mid^e Siwaliks are exposed in a pitching 
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synclinal fold. Between the Thatti Sahidan and Mianwala faults 
the Murree beds are thrown into an isoclinally folded compressed 
syncline. Between the Mianwala and Kanet faults there is seen 
a broad shallow syncline occupied by Chinji beds. The Mianwala 
and Kanet faults are 4^ miles distant from each other near the 
eastern margin of the sheet, but, when followed westwards by Mr. 
Mukerjee, they steadily approach each other until near Jand they 
are less than 1^ miles apart. 

During the field season the Rajputana party consisted of Dr. 
A. M. Heron, OflBciating Superintendent in charge, and Mr. B. C. 

Gupta, Sub-Assistant. Dr. Heron worked on 
^ ' standard sheets (Central India and Rajputana) 

Nos. 118, 119, 120, 121, 122, 143, 144, 145, 146, 147, 148 and 
Mr. Gupta on Nos. 172, 173, 174, 20G, 207, and 208. 

In the earlier part of the season Dr. Heron made a detailed 
examination of the basal beds of the Aravalli system resting upon 
the older banded gneisses, from Udaipur city south to the southern 
boundary of Mewar, obtained further indubitable evidence of the 
erosion unconformity between these two formations, and noted 
interesting examples of how this relationship can be locally obscured 
by faulting and intrusion. As a nile the lowest b(‘ds of the Ara- 
vallis consist of thin grits or arkose, passing u]» into quartzites. 
Vt the northern end of the Sarara inlier of banded gnt isses, however, 
there is a great development of vo](‘anic tuils, now hornblende- 
schists, resting directly upon the gneisses. They may be corre¬ 
lated with the series of amygdaloids and hornblende-schists north 
and south of Dilwara. Upwards they pass conformably into an 
immense thickness of conglomerates and grits; these again 
pass up into quartzites and the latter in turn into phyllit-es. These 
conglomerates and quartzites form a large triangular area of hilly 
ground, but die out very rapidly to the south. At the southern 
end of the gneissic inlier, wedges of the Aravalli basal quartzite are 
faulted into the underlying gneisses, and the latter run in long 
tongues between the quartzite ridges. 

Dr. Heron notes that, above the basement formations, the 
Aravalli system consists predominantly of phyllites. The highest 
state of metamorphism which these attain is that of fine mica- 
schists with crystals of magnetite and garnet. The degree of 
metamorphism increases from east to west. 
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Lenticular ferruginous and siliceous limestones may occur 
throughout the Aravallis, but are specially characteristic of a broad 
belt lying approximately between the basal formations and the 
quartzitic zone. Between the latter and the limestone belt the 
phyllites are almost devoid of limestones. The quartzites consist 
of a group of thin but fairly continuous bands, fine-grained, grey 
in colour and often containing pyrite. To 'the west of the quart¬ 
zite zone the phyllites include a few quartzites, but they are irregular 
and lenticular. 

In the area examined by Dr. Heron this year, igneous rocks in 
the Aravallis comprise veins of aplo-granite and pegmatite, which 
are rather scarce except to the east of Kherwara, and numerous 
masses of talc and chlorite-schist which probably originated as 
magnesian basic rocks. 

To the west the Airavallis are succeeded by the Delhi system 
in the great syncline surveyed in previous years in Ajmer-Merwara, 
along the strike to the north-east. In the second half of the season 
the syncline was crossed in two wide traverses, and these were 
linked up by strike-traverses. Both the Aravallis and the Delhis 
dip vertically, and the unconformity between them is shown by the 
way in which the base of the Delhi system cuts, at a low angle, 
across the strike of the Aravallis. At the places where the base 
was examined no grit nor conglomerate was seen, the reason for its 
absence probably being that the phyllites which locally underlie 
it do not yield material suitable for the formation of pebbles. The 
lowest beds of the Delhi system consist of several thousands of 
feet of thick-bedded quartzites, usually felspathic, interbedded with 
phyllite layers. These pass conformably upwards into biotite- 
actinolite-schists, notable for the profusion of pegmatite veins 
which traverse them in all directions. The biotite-actinolite-schists 
grade upwards into calc-schists, and these again into coarsely 
banded calc-gneisses and calciphyres. 

Dr. Heron remarks, that, as is the case in the Aravallis, the 
degree of metamorphism increases from east to west. The ig¬ 
neous intrusives in the Delhis belong chiefly to the Erinpura granite 
of LaTouche and its related dyke-rocks. This granite varies greatly 
in grain, but is substantially the same in mineral composition through¬ 
out. It occurs in all sizes of boss and sill, from the great bathylith 
of Mount Abu downwards. In the degree to which it is foliated 
there is also wide variation. The granite itself is biotitic, and the 
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coarse pegmatites which emanate from it carry both tourmaline 
and muscovite. Like the pegmatite, it is connected with aplite 
and microgranite veins. 

Mr. B. C. Gupta’s work lay principally in the south of the com¬ 
plex of banded gneisses which occupies the central portion of Mewar, 
with the marginal areas of the Aravalli belts to the east and west 
of it, which rest on it unconformably. 

The banded gneisses consist almost entirely of igneous rocks, 
which appear in great variety and most intimate intermixture, 
complicated by appearances of mutual intrusion, and by shearing 
and foliation. In these circumstances the determination of their 
relative ages is a most difficult problem. The oldest members 
of the complex seem to be much foliated biotitic or chloritic schists 
or granulites, whicli occur but rarely. Observations in the field 
indicate that these are distinct from the l>iotitic granitic gneisses, 
although the two are characteristically combined, as composite 
gneisses, by inter foliar injection; it is possible that the biotite- 
aiid chlorite schists may represent some form of primitive sediment 
composed largely of igneous debris. The earliest undoubted intru- 
sives are the granites and granitic, gneisses. No intrusive contact could 
anywhere be detected between iiufoliated granite and granitic gneiss, 
and instances of the two grading into each other have been frequently 
seen. It is concluded that the bosses, wffiich lie mostly towards 
the south of the area and in which the rock is little foliated, re¬ 
present the deeper-seated portions of the magma, and that the 
banded and foliated gneissic veins are apophyses of these. 

The pegmatites and aplites are closely related to the granite, 
and occur freely in it as syngenetic veins. They also invade the 
gneisses and form with them composite gneisses. The period of 
intrusion of the aplites and pegmatites appears to have had a much 
wider range than that of the granites. 

Epidiorites and hornblende-schists, representing basic intrusives, 
are penetrated by the aplites and pegmatites, but the reverse has 
not been seen ; it is therefore inferred that the basic types are earlier, 
in general, than the latter. 

Quartz veins have probably accompanied all the acid intrusives, 
and have accordingly had a still wider range in period of intrusion. 
They have been found to cut all members of the complex, and may 
be regarded as persisting as the last phase of igneous activity. 

To the west of the gneissic complex, the AravaUis which rest 
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upon it show an unusual development of limestone in addition to 
the usual phyllites. To the east of Salumbar (24° 8' ; 74° 6') the 
base of the formation is marked, for a distance of about 5 miles, 
by an anticlinally folded conglomerate, which varies in the width 
of its outcrop from 200 yards to half a mile. The pebbles are of 
grey and white quartz, often much flattened, in a micaceous and 
siliceous matrix. 

The limestones are often coarsely crystalline, with bands of 

tremolite and secondary felspar, and octahedra of magnetite, the 
degree of metamorphism being higher than is usual in the Aravallis 
to the north. Lenticular ribs of quartzite are also more numerous 
in the phyllites than is usual. South and south-east of Salumbar 
is an extensive area of composite gneiss, consisting of sericitic schists 
interbanded with granite and pegmatite. 

The eastern belt of Aravallis consists chiefly of phyllites, witli 
a narrow but persistent band of false-bedded quartzite along tht» 

unconformity between the phyllites and the gneisses. To the 

south-east both are covered by Deccan trap. 

Midway in the gneissic plain, a narrow strip of Aravallis rtins 
through Tana (24° 42' ; 74° 15') and Bhindar (24° 30' ; 74° 11'), in 
an elongated isoclinal syncline. Grits and arkose, or discontinuoiis 
beds of quartzite, flank the syncline, and carbonaceous slafes and 
impure limestones, the former containing kyanite and staurolite, 
occupy its centre. 

In Mr. Gupta’s area the Delhi system is represented by tvo 

small outliers in the midst of the Aravallis, north-west of Paraola 
(23° 57' ; 74° 26'). The pebbles consist of white and grey quartz, 
in a felspathic matrix, and the rock closely resembles the Delhi 
conglomerates to the north. The outliers rest successively on different 
horizons of the Aravallis. 
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Upper Triassic Fossils from the Burmo^Siamese 
Frontier—The Thaungyin Trias and Description 
OF THE Corals. By J. W. Gregory, LL.D., D.Sc., 
F.R.S. (With Plates i and 2.) 

T he most striking feature in the scenery and geology of southern 
Burma, between the port of Moulmein and the Siamese frontier, 
is afforded by the hills and huge monoliths of limestone which rise 
abruptly from the plain. These rocks contain either few or no 
fossils, and the age of many of them is not yet determined. The 
tendency has been to regard them as Devonian or Carboniferous, 
since the limestones of the Shan States and south-eastern Burma 
belong to those systems. The shales at Moulmein station, which 
apjx'ar to be younger than the limestones, are Permian. The dis¬ 
covery th(‘refore by Dr. G. de P. Cotter in the limestones on the 
Burmo-Siames(i frontier of fossils that were referred to the Lower 
Mesozoic and probably the Trias is an interesting addition to the 
geology of this area. The collection was made in 1921 and has 
recently l>ecn sent to me to describe the corals and arrange for the 
description and identification of the other fossils. The specimens 
however are so i>oorly preserved that it is only from their remote 
locality and from the light they throw on the stratigraphy of a large 
region, that they are worth the trouble that has been spent on them. 
Thanks however to the careful examination of the material by Dr. 
F. Trauth and Dr. Julius Pia of the Naturhistorisches Museum of 
Vienna, Dr. G. von Arthabcr of Vienna, Dr. L. F. Spath, Dr. J. Weir 
and Dr. Kthcl Currie, the last named of whom has kindly examined 
the Echinoid spines, the fauna may be regarded as Trias and 
probably as Norian. The fauna is described in the accompanying 
pajicrs, some notes by Dr. Spath on the Ammonites being 
incorporated in the introductory paper. 

The limestone that yielded these fossils was called by Dr. Cotter^ 
the Kamawkala Limestone from a village beside the Thaungy4n 
River, which there forms the frontier between Burma and Siam. 

^ G. de P. Cotter, The OU-Shales of Eastern Amherst, Burma, with a Sketch of the 
CJeology of the Neighbourhood. Rec, Qeol, Rurv. //ni., Vol. LV, pt. 4, ni24, pp. 273 313, 
pis. 34, 35. J. W. Gregory, The Geological Rolationa of the OU-Shales of Southern 
Burma. Oeol. Mag., LX, 1923, pp. 152-59. 
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The fossils come from three localities, which are marked in Dr. 
Cotter’s map {op. cit., FI. 36). The southernmost (K 21/416) is in 
Si Am opposite the hill Lewa Taiing, 4 miles east of the Mepale oil 
shale deposits, in connection with the study of which the fossils 
were discovered. The specimens here were corals, a few brachio- 
pods and lamellibranchs, and fragments of ammonites, sponges 
and calcareous algae. Lewa Taung is about 4^ miles from the 
Htichara Forest Bungalow which is at the end of a high limestone 
range which trends N.W.-S.E. The second locality (K 21/416) 
is about 19 miles to the north of the first, and is a little east of the 
confluence of the Taung-u, a stream on the right bank of the Thaun- 
gyin, at 17° 4' N,, 98° 27^' E. Here the fossils were brachiopods 
anri some ammonites. The third locality (K 21/417) is about 2 
milAH west of the last, and is in the gorge of the Thaungyin below 
the village of Kamawkala. The best ammonites were found at the 
two northern localities, but unfortunately their preservation is 
such that Dr. Spath, who has devoted much care to their examina¬ 
tion, reports that “ they are really indeterminable. Detailed des¬ 
cription would be absurd in the circumstances, but if you like to 
mention in your general remarks that one (the best) of the K 21/417 
lot could be compared to Choristoceras ammonitiforme, GUmbel, 
(see Mojsisovics, Geb. um Hallstatt, 1893, PI. CXXXIV, flg. 1) and 
that the most favourably preserved of the remains, L 21/416, looks 
like a portion of a compressed Haloritid, like JovUea (ib., PI. LXXXIV) 
you are welcome to do so. But the latter is Upper Camic, the 
former Bhaetic, so again they do not help”. 

The limestones include also remains of sponges, crinoid stems, 
echinoid spines, and sections of a large gastropod, that both Dr. 
Trauth and Dr. Weir report as indeterminable. The sections cut 
show the calcareous alga, Diplopora, fragments that resemble' 
Lovencipora^ and the specimens which Dr. Pia has described as a 
new genus, Holospordla ; also an alga determined by Dr. Trauth as a 
Sphaerocodium. 

The other fossils from the northern locality are brachiopods 
and molluscs which have been described by Dr. Weir. They include 
the best preserved fossils in the collection and Dr. Weir identifies 
them as certainly Upper Trias. 

^ CJ. P. VinoMa de Begny, Triadiaohe Aigen, Spong^n, Anthozoea and Bryozoon 
ant Timor, in Wanner, PaL Timor, VoL IV, pt. 8,191S, p. 104. 
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The fossils from Lews Taung are mostly corals; their internal 
structure is disappointing for they have been mostly altered into 
crystalline calcite. As many sections were cut as the scanty material 
allowed, and in some of them occasional traces of structure helped 
in the generic identification of the corals. Associated with them 
were some shells which Dr. Weir and Dr. Trauth identify as the 
Norian Rhynchondla bambanagensis Bittner, and Chlamys aff. valo- 
niensis, which ranges from the Upper Trias to the Lias. 

Some of the fossils from the Lewa Taung were the same as those 
near Kamawkala, and the limestones at the three localities are 
probably on the same or approximately the same horizon. It 
was natural to compare its age with the Rhaetic, but neither of 
the two Rhaetic corals ^ described by Miss Healy from the Napeng 
Beds on the railway from Mandalay to Lashio in the Shan States 
resemble those from the Thaungyin. These corals appear to be 
more primitive than those of the Rhaetic. I had concluded, before 
hearing Dr. Weir’s opinion of the braehiopods, that the fauna was 
Upper Trias rather than Rhaetic. 

Dr. Cotter refers the great mass which forms the hill above the 
Htichara Forest Bungalow, to the same horizon as the Thaungyin 
limestones I spent half an hour trying to find fossils in that limestone, 
but without satisfaction. It contains structures that are probably 
organic, but indeterminable. A microscopic section shows one cir¬ 
cular lobed body, which is probably a calcareous alga; it might, 
for example, be an altered Physoporella (c/. PI. 2, fig. 7). This 
Htichara Limestone is however different in character from that 
along the Thaungyin. Although some of the larger fossils at the 
Lewa Tung have been altered to calcite, many of the fragments 
with which it is crowded are perfectly preserved. The limestone is 
comparatively little altered and is not dolomitized. The Htichara 
Limestone, on the contrary, has been greatly altered; the car¬ 
bonate of lime has become crystalline calcite, while the bulk of the 
rock consists of small crowded crystals of dolomite (cf. PI. 2, fig. 7). 
The Htichara Limestone appears to be so different in its character 
as to be probably older. The Kamawkala Limestone, judging by 
Dr. Cotter’s account,» appears to form less bold and massive hills 
than the Htichara Limestone. 


^ Viz.f laoBtrea compacta and Lophosmilia praecuraor^ M. Healoy, Pal. Ind., N. S., 
Vol. IT, No. 4, 1908, pp. 80, 87, pi. IX, 62, 63. 
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' The discovery of this Triassic marine limestone on the Burmo- 
Siamese frontier is of interest as it links the Triassic limestones of 
Spiti and the Himalaya with those in the East Indies, where they 
have yielded a rich fauna in Timor. The East Indian Himalayan 
Triassic fauna is regarded as being so similar to that of the Alps as 
to prove the former continuity of the sea between them. The East 
Indian and European Triassic faunas have so many affinities that, 
they also must have been connected, and the Thaungyin limestone 
indicates the probable route. It is linked to the Himalayan Trias 
by the Upper Trias limestones of N. W. Yunnan at Likiaug-fu and 
in Chinese Tibet at Janula, of which the mollusca and brachioj)ods 
were determined by Dr. Cowper Reed. The fossils from Tahang ^ 
in the Malay Peninsula which R. B. Newton regarded as perhaps 
Rhaotic or Norian and which Dr. Weir refers to the lower Carnian, 
are from the nearest Trias to the south. The Himalayan Trias at 
Spiti and that of Timor in the East Indies include represeutativt^s 
of stages from the Lower to the Upper Trias. At Thaungyin on the 
contrary only the Upper Trias, and not more than the Carnian and 
the Norian, are represented in the collection. So far as the evidence 
goes it suggests that the Lower and Middle Trias were not i)res(uii. 
m this area and that the sea reached this locality by a transgresvsion 
in the Upper Trias, as in northern Yuxman ^ where the UpjHT 
Trias* contains corals and brachiopods, and the lower Trias is con¬ 
tinental, as on many parts of the Pacific coast. Thus the Lower 
Trias and all or nearly all the Middle Trias are absent from New 
Zealand * or are unfossiliferous there. The Triassic series begins 
in W. Borneo ^ with the Norian and in N. Sumatra ^ and Alaska " 
with the Carnian. In New Caledonia ’ though there is a local 

^ K. B. Newton, On Marino Triajssic Latnellibranclui di8cu\or€'d in the Maia> IVninsula*- 
Proc. Malac. 8oc., Vol. IV, 1900, p. 131 ; and J. Weir, On aonic spocinienH of foMsiUfcroua 
Bandetone from Pahang, Malay Peninsula. Geol. Mag,, Vol. LXII, 1905, pp. 247-50. 

* J. W. and C. J Gregory, Geology of Chines© Tibet. Phil Trans. ^ Ser. B., Vol. CCX11L 
1925, p. 224, etc. 

* » Trechmann, Trias, N. Zealand, Qttati, Jovm, Geol. 5'oc., Vol. LXXIII, 1917, p. 167, 
opp. p. 237. O. Wilokens, Contributions to th© Paheonlology of the New Zealand, 
Trias. N. Z. 8wrv,, Palceoni. BvU,, No. 12, 1927, pp. 43-46. Wilckons remarks, p. 46, 
thatitbe Lower and Middle Trias are not known to bo present in N. Zealand and the 
occurrence of the Ladinian is uncertain. 

* F. Vogel, Beitrage Zur Kenntniss der Mosozoisehen Fofmationen in Borneo. 8amiHL 
Reich. Mu 8. Leid., sor. 1, VoL VII, 1902, pp. 208-20, pi. 8. 

* W. Volz, Beitrage zur Geologischen Kenntniss von Nord-Sumatra. Zeii. deut. 
geol, Ges,, VoL LI, 1899, p. 10. 

* G* a Martin, BuH GeoL 8oc, Amcr,, Vol XXVII, 1916, p. 685. 

* M. Piroutet, Etude Btratigraphique but la Nouvelle-CeiMonie, 1917, pp. 364, 73, 
74, no, 112. etc. 
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development of the Lower Trias on the Western Coast, and occasional 
occurrences of the Middle Trias, the main development is of the 
Upper Trias which often rests unconformably on the Lower Trias 
or on older formations. 

DESCRIPTION OF THE CORALS. 

Stylina sp. 
ri. 1, Figs. 1, 9 a. 

On the large block containing many s]>ccimens of Centrastraea 
is a coral of which the external characters agree with those of Stylina. 
The corallites are about 1*5 mm. in dia. The walls are well raised 
and distinct, and arc in some corallites in contact, but in most 
cases separated by an intermediate strip usually about 1 mm. wide. 
As there is only one specimen it is inadvisabie to have a section cut, 
as in view of the internal condition of other specimens it might not 
show the structure, and the exterior might be lost. Stylina is known 
from the Upper Trias. 

In the centre of the corallites are some small round bodies which 
are suggestive of pali; if so the coral should be referred to Steph- 
anocoenia which is also known in the Upper Triassic; but these 
bodies appear to be too irregular to be pali. In the absence of more 
material their nature remains indeterminable and the generic ix)8ition 
of the coral therefore doubtful. 

Another small specimen of a similar coral was sent to Dr. Trauth 
and he suggests its comparison with FhyUocoenia %ncrassata Freeh; 
from the Zlarabach Beds (Norian) but he remarks that it is too imj>ot- 
fectly preserved for certain deterirination. It also has an apparently 
styliform columella. Of the figures by Freeh it most closely resem¬ 
bles No. 11, as the raised rims of some corallites are in contact, so 
that the corallites appear as if united by the wall; but in other 
parts they are separated by a depression overijung exotheca. The 
material is inadequate to justify the preparation of sections, so that 
the genus of this specimen remains doubtful. 

^TXtiOPHYLLOPSis, Frcch, 1890. Kor Trias. PalsButogr., Vol. 

XXXVII, p. 48. 

Type species. — S. pdyactis, Freeh, 18i)0. Ibtd.y p. 48, PL XIL 
PI. XV, fig. 17-23, Upper Trias, Lower Norian, Zlambach bed 
and. tlalktatt Limestone. 
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Stylophyllopsis thattnoyihensis, n. Bp. 

PI. 1, figs. 2-7, 9 b. 

Diagnosis. —CJorallum compound; of short cylindrical or sub- 
cylindrical branches, that sometimes dichotomize or rise slightly 
from a small nodular or flat base. 

Corallites very irregular in shape, being circular to sub-circular 
in section but may be sub-hexagonal. Calice is very shallow. 

Septa long and thin; in the larger corallites are three full cycles, 
with some very thin septa of a fourth cycle. The primary and 
secondary septa are moderately stout and taper regularly toward 
the centre where those of both cycles join the columella. The 
septa in places appear dentate, and in some parts show a distinctly 
synapticular structure. On the upper surface they appear solid, but 
weathered septa and sections (on the under side of the specimen 
figured as PI. A., fig. 4) show the trabecular and perforate structure. 

Costae more evenly developed than the septa, and accordingly 
appear more numerous. A slight projecting rim a little below the 
caUcular edge is present on the outer side of some corallites and is 
crossed by even ridges like the teeth of a cog-wheel. 

Columella large; parietal ; the upper part projects in some 
corallites as a sub-styliform tubercle. 

Dimensions. —Corallum, in the nodular specimen, PI. A, fig. 4, 
diameter 20 mm. by 12 mm. 

Corallites, diameter 4 by 4 mm. (fig. 4); 7 by mm., 7^ by 9 
mm., 6 by 6| mm., 6| by 6| mm. 

Septa vary in number between 30 and 60. 

Distribution. —Kamawkala Limestone on the Siamese bank of 
the Thaungyin River opposite Lewa Taung, west of Mepale. 

Affinities. —This coral is even more puzzling than most of the 
Triassic species. The uncertainty regarding them is due partly to 
their scarcity, partly to the descriptions having been often by men 
who had no extensive knowledge of Mesozoic corals, and partly 
as the fauna was in a state of flux and characteristics which were 
subsequently found to be distinctive of different families were then 
not well-defined. A redescription of the Triassic corals is much needed. 

The species with which I was most tempted to identify the 
corals shown on PI. A, figs. 2-7 is PhyUocoenia subincrassaia Krum- 
beck,^ from Buru, the island west of Ceram in the East Indies. 

^ L. ELrnnibeck, Obere Trias von Bum and Misol, PcdcBorUogr.t SuppL IV, pt. I, 
JlI,m8,p.27,pLl,fig.O. 
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That coral with its nodular growth, slightly raised coraUites which 
in cross section are circular, elliptical or angular, and its thick wall, 
and often raised costae on the outer rim, is very similar in general 
aspect to the combined features seen in these specimens from the 
Thaungyin. The essential difference is that the septa are shown 
in Krumbeck’s illustrations to be normally Astrean, whereas sec¬ 
tions and weathered septa of the Burmese coral are perforate. P. 
subincrassata, moreover, has fewer septa (only 20), and the coral- 
lites are more crowded; most of those from Burma arc isolated. 
Krumbeck’s illustrations show that his species has a columella 
which, according to his figure 5a is parietal and according to his 
56 might he trabecular. The presence of the columella therefore 
suggests doubt as to the correct generic reference of the species. 
As far as can be judged from Krumbeck’s figures his coral is not a 
Phyllocoenia as now defined. The characteristic feature of the 
Triassio species that wore referred to that genus is their secondary 
wall; upon that character Duncan ^ founded for them the genus 
Coelocoenia which Volz ^ spelt Koilocoenia. 

Freeh’s figures of his Phyllocoenia incrassata ^ shows clearly that 
that species has no columella. The coral from the Thaungyin can¬ 
not therefore be included in Coelocoenia and owing to the perforate 
septa are referrable to Freehs Stylophyllopsis, 

Six corallites are figured to illustrate the variations in this 
coral, of which PI. A, fig. 2 may be regarded as the type of 
the species. At first I was disposed to regard them as including 
representatives, of more than one species, considering the smaller, 
thick-walled corallites shown in figs. 6 and 7 ; as distinct from the 
specimens shown in figs. 2-4 ; with fig. 5 as an intermediate form but 
the differences may be merely individual, and due to different 
conditions of growth. In the specimen shown in fig. 5, further 
cleaving of the centre of the corallite after the photograph was taken 
showed clearly the parietal origin of the columella. Stylophyllopsis 
rudis (Emm.) is shown by Freeh to be also very variable. Hence 
the whole series may be regarded provisionally as one species, but 
with more material it might be found that more than one species is 

^ P. M. Duncan, Roviaion of the Madreporaria. Journ. Ltnn. Soc.. Zool., \ oL XV III, 
1884, p. 115. 

• Volz, Die Korallenfauna der Trias, pt. II, St. Cassian, Palaontogr., ^ ol. XLIII, 
1896, p. 4, 

• Freeh, Kor. Trias, pt. I, Palceoniogr,, Vol. XXXVll, 1890, p. 30, pi. VllI, figs. 1-14, 
eepecially figs. 4, 6,13,14. 

M 
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represented. If so, I should regard PL A, fig. 2, as the type 
form. 

Of the six species of Stylophyllopsis figured by Freeh the Thaun- 
gyin coral most nearly resembles S, lindstromi Freeh. ^ That species 
differs by being always simple, having a deeper calice, and being 
larger in size, it being up to 13-16 mm. in diameter, and 26 mm. 
high, and having from 58-60 septa. The side of S. lindstromi is 
repeatedly constricted by the narrowing of the base of each fresh 
stage of growth. The apparent costae on the rim around S. 
thaungyiniensis may be due to the constriction at the base of a new 
growth. S, lindstromi has also a less conspicuous columella, 
but otherwise the external surface of the corallite seen from above 
is very similar to that of the new species. S, lindstromi is a dwarf 
form of S, mqjsvar\ Freeh* and has a simple corallum, 60 mm. in 
diameter, and 120-130 mm. high. 

S, caespitosa Freeh,* which he illustrates by a diagrammatic 
figure, resembles S, thaungyiensis by having a compound flat coral¬ 
lum with a few small raised buds. The corallum is described as 

rasonformige ” or somewhat turf-shaped. The upright buds in 
S. caespitosa are from 5-7 mm. in diameter and have 16 septa, so 
it is a much smaller species and the septa are figured as normally 
astrean, S, polyactis Frech,^ up to 40 mm. in diameter, has from 
80-120 septa and it is always simple. S, ziUeli Freeh* is either 
simple or branched, but the compound forms are also the scarcer; 
it has a thick theca, but the septa are about the same number as 
in S, thaungyiniensis ; one specimen (PL 13, fig. 15), shows the 
subhexagonal form seen in one specimen of S, thaungyiniensis, 
(PL A, fig. 6.) The corallites are 18 to more than 20 mm. in dia¬ 
meter. "Hie columella is far less developed ; it is in fact not apparent 
in many of Freeh’s figured sections, though it is shown as a gr6up of 
trabeculae in his plate 13, figs. 10 and 11; he however interpreted 
them as spines from the inner edges of the septa. 

S, rudis Emmrich, 1853,* is also a variable form; it often has 
the septa thickened at their thinner ends; the separate corallites 
are obconic; and the young buds grow from the margin of the 

^ Freoh, 1890 ibid,^ p. 53, pL 10, figs. 15-20, pL 13, fig. 2. 

« Freoh, ibid,, p. 52. pi. X, £. 7-14, pL XII, f. 15, pi. XIII. £. 16. 

* Freoh, ibid,, p. 52. 

« Freoh, ibid,, p. 48, pL 12, t 3, pL 15, £. 17-23. 

* Freoh, ibid,, p. 49, pL 13, £. 9-15, 17-24. 

* |!reob, ibid,, |p. 50, pL \2, t 4-44* 
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calioe of the older corallite, with what has been called paracidal 
gemmation. 

The MontlivaUia ohonocalyx Weissermel ^ has, in his figure 7, 
a resemblance of this species, but specimens with the diameter 4 by 
4 mm. and 4J by 5 mm., have 36-46 septa, and one 7 by 8 mm. in 
diameter has 70-72 septa; there seems moreover no reason to . 
distrust the generic identification by Weissermel. 

StylophyUopsii tinwricus Vin. de R.* is a much larger form being 
30 mm. in diameter and having 96 septa. 

The corals shown on figs. 4-6 resemble some Thecosmiliae and 
especially those figured by Prof. Vinassa de Regny as T. oppelli 
Reuse* and his T. weberiy^ for both have features that may 
represent a columella. Otherwise the small thick-walled oalicea 
shown here in PI. A, figs. 6 and 6 are much like T. weberi from 
Timor. 

The T. oppeUi of Portuguese Timor has a diameter of 4-6 mm. 
and from 28-30 septa so it would be a somewhat smaller coral. 
But the septal structure appears to be those of Thecosmilia and the 
extension of one septum into an apparent columella may be due to 
a crack and vein of calcite. The T. wd>eri is said by Professor 
Vinassa de Regny to have a distinct Ur-septum; but whatever may 
be the structure of the axis of that species it has more crowded 
raised corallites than in the Burmese species. 

This new coral has the external appearance of an Astrean, and 
even in parts of some sections the septa appear solid and complete ; 
but some scattered corallites and some sections show that the septa 
are synapticular. This coral appears therefore to be one of the 
stages in the development of the Fungian from the Astrean septum. 

Centrastraea cotteri n. sp. 

PI. 1, Fig. 8; pi. 2, fig. 9 c. 

Diagnosis .—Corallum branching in erect flattened stems which 
rise from a broad base. The stems are long and narrow, and are 
nearly uniform in thickness till they taper near the upper end. The 

‘ W, Weiawnnd, Die Korallen des deutaohen Muaohelkalkee. I. Unterer MoMhel- 
kalk. JaM. premu. CM, Landes. BerUn fOr 1925, VoL XLVI, 1926, p. 12,.. pi. I, f. 7.8* 

* Vinassa de Refpiy, Triadisohe.Anthozoen.Timor, PaL Timor, L 4, pt, 8, 

1916, p. 101, pL LXVIII, f. 1, 2. 

* Ibid., p. 89, pi. LXIX. L 7, 8. 

* fbid., p. 89, pL L^X, eepeoially L 10,11, 

^ 2 
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lower part of the stems is marked by oval depressions duo to enlarge* 
ment of some of the calices. 

Corallites small, with thick walls. Septa with well marked 
synapticular structure; two cycles distinct, of straight thin regular 
septa. 

Dimensions. 


Corallum, height.43 mm. 

Diameter of stem at upper part.4 mm. 

near base ..... 5 mm. 

Cxirallitee, diameter at distal end.2*5 mnu 


Distribution .—Kamawkala Limestone, Lewa Taimg. 

Affinities .—This coral, by its thick well-developed walls and the 
styliform aspect of the columella, has some resemblance to Stylina ; 
but the septa are distinctly fungian, and resemble those of Tham- 
nastraea. By its prominent styliform columella it agrees with 
Centrastraea. 

The oval marks along the stem resemble those of the coral from 
St. Cassian described by von Munster as Agaricia ranwsa, which 
is a branched coral with stems 3 mm. in diameter, but thickening 
where several branches are united, to 8 mm. across. The A. ramosa 
appears to be a small branched Thamnastraea ; it has oval flat- 
topped elevations along the stem, which are nearly 2 mm. across ; 
they have some resemblance to the oval depressions in C. cotteri, 
which are due to solution after the death of the corallites on parts 
of the stem. 

Agaricia ramosa has however much thicker more conspicuous 
septa than C. cotteri and appears to have a less developed 
columella. The stems have been mostly altered internally into 
calcite, so that the structure of the coral has been obliterated; 
but one section shows that the septa are similar to those of 
T/iamnastraea. 

Meandraraea^ Etallon, 1859, M6m. Soc. Emul. Doubs, ser. 3, 

Vol. Ill, p. 628. 

Type species.—M. mmcomm Etallon, 1869. p. 628. Cor- 

allian (Diceratian), Valfin, E. France. 

^ Thii name preoedM Latimaeandraraea, de Fromeatal, 1861. Introd. Polyp., M6m, 
Soo. EiduL Doubflf ser. 3$ VoL V, p. 247* 
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Meakdraraea obientale, n. sp. 

PI. 2, figs. 2-6. 

Diagnosis, —Corallum small nodular with a flat upper surface : 
with the calices separated by low blunt ridges. The ridges are not 
covered by septocostae. 

Calices mostly separate but a few serial rows are due to the con¬ 
fluence of three calices. Simple corallitcs, subquadrangular, oblong. 

Septa often fan-shaped in plan; 3 complete cycles well developed, 
and some small representatives of the fourth ; some of the major 
septa thickened near the inner end. 

Calices shallow. 

Columella prominent. 

Dirnemions. 

Type 

Bpecimen. 

Corallum ; diameter ... 14 mm. 40 mm. by 26 mm. 

Corallites; single diameter . , 4 mm, 5 ram. 

Serial corallites; length . . 7 mm. 9 mm. 

„ „ width . , 4 mm. 6 ram. 

No. of septa in single corallite • . 34 mm. about 40 mm. 

Distribution. —Kamawkala Limestone. Lcwa Taung. 

Affinities. —It is advisable to compare this species, with some 
Triassic Isastraeae which in external appearance resemble it; of 
them it most resembles Isastraea plana Laub^ from St. Cassian, and 
especially the var. foliosa, Freeh but in that variety the serial 
calices are much more sinuous. In I, plana there is of course no 
columella. Its generic position appears however doubtful, as Freeh’s 
description of the septal structure and his figures of the sections (op. 
ait., PL V, f. 6, 6.) both indicate a Thamnastrean Fungian rather 
than an Isastraean coral. The Isastraea profunda Reuss,® according 
to the original figure by von Reuss, has a distinct parietal columella 
and a simpler plan of the septa. Corallites vary in diameter from 
2-5 to 5 mm.; and the calices are; rarely confluent, and there are 
from 40-48 septa. 

^ Laube, 1865. Die Fauna der Sohiohten von St. Cassian. Denk. Akeid. Wiw. Wien., 
Vol. XXIV, p. 263, pi. VI, f. 3. Freoh, in Volz, Kor Trias, II, op. cit., 1896, p. 53, pi. V, 
figs. 2-6. 

•Freoh, ibid,, p. 64, pi. V, fig. 1. 

• Von Reuss, ^itr&ge zur Oharakteristik der Kreidosohichten in don Ostalpen, boson* 
ders im Cbsauthale und am Wolfgangsee. Denk Akad. Wise. Wien, Vol. VII, 1854, p. 116, 
pL IXf figs. 5f 6. 
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This corailuin resembles the Isa^foea {Latinuieandra) norica, 
Freeh,^ which has larger corallites, as Freeh gives the diameter of 
the individual corallites as 8 mm. and the serial rows as 15 mm. 
long and 5 mm. wide, and the calices are much deeper and larger. 
Weissermel’s* dimensions are stated for the largest calico in a 
specimen from the Muschelkalk as 13^ mm. by 8 mm.; the dia¬ 
meters of the other calices are 3 to 6 mm.; there are 90 septa in the 
largest. 

The separation of laaslraea, Latimaeandra and Thamnastraea 
in the Upper Trias is not easy. Triasi^ corals of this kind were 
apparently the ancestors of these three genera. The septal charac¬ 
ters were intermediate in structure, and some of the septa had 
dentations which may have given rise to the synapticular of the 
Fungians. 

Among the corals from Timor, this species has some resemblance 
to the hastraea verbeeki, Vin. de R.,* which however has a less 
serial arrangement of the calices. Many of the Timor laastraeae 
have no columella and simple astrean septa (e.g., I. guembeli, Laubc, 
Vinassa de Eegny op. dt. , PI. LXXI, f. 8 and 10); and therefore 
it may be assumed that the granular aspect of the centre of I. verbeeki 
is not columcllar. But that author’s Imstraea gerthi * is represented 
as having its septa united into a parietal columella. 


* Ffoch, 1890, op. ciL, p. 21, pL V, f. 1-5. 

* Cf. alao W. Weisaermel, op, cii,, 1026, p. 18, pi. IT, f. L 

* Vinassade Regny, op, cit., p. 07, pL LXX, f. 1, 2. 

* Ibid,, p. 06, pL LXXII, f. 6-0. 


EXPLANATION OF PLATE? 

PLATE I. 

StyUna ap. 

tlQ. 1.—Part of speoimen, x 8 diametm. 

„ 9a.—^The Burfaoe of the oorallum, nat. size. 

^wfigyinensU, n. sp. 

n 2.—Upper view ora Sorallite of the typical form with well marked oostate 
rim ; X diameters. 

3.—A worn oorallite, showing that some of the septa are perforate and the 
nature of the columella, X2| diameters. 
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Fio. 4.—A young oorallite rising from a flat nodule, of which the lower polished 
surface shows the perforate nature of the septa and the parietal 
columella, x 2^ diameters. 

6.—A Bubhexagonal oorallite with thick wall and parietal columella. x2^ 
diameters. 

„ 6. A oorallite with two primary septa thicker than the rest and apparently 
united by the columella. x4 diameters. 

„ 7.—A corallite showing the thick wail and substyliform upx>er ending of the 
columella. X diameters. 

f, 96.—A smidl corallite, on a slab of limestone, nat. size. 


CentrastrcBa cotierit n. sp. 

8.—A branched corallum, nat. size. 

,, 9ei—A branch, nat. size, on a slab with siylina sp. and atylophyUopsis thauny- 
yinenaist n. sp. 


PLATE 2. 

Centraatraea coUeri, n. sp. 

Fio. 1.—Two corallites from the top of the same corallum, X 8 diameters, showing 
the distinct substyliform oolumdla. 

Maeandraraea ortenkUe, n. sp. 

„ 2.—Surface of corallum, x2*7 diameters. 

„ 3.—Another corallum, x2 diameters, from slab of limestone with large gas*> 
tropod and orinoid stem. 

„ 4.—Another corallum, x 2*7 diameters. 

„ 5.—Part of a thin Yertioal section showing the septa, X 4*5 diameters. 

„ 0.—^Part of a thin horizontal section, x 4*5 diameters. 

Calcareous Alga, 7 PhyaoporeUa. 

t» 7.—Thin seotion of altered dolomitio Htichara Limestone, from the HUchara 
Forest Bungalow with a calcareous alga, x30 diameters. Age pro* 
bably pre-Triassio. (Hunterian Museum, Glasgow. Col. Z. J. W. 
Qregoxy.) 
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Upper Triassic Fossils from the Burmo-Siamese 
Frontier—Brachiopoda and Lamellibranchia 

FROM THE THAUNGYIN RIVER. BY JOHN WEIR, 

M.A., Ph.D., F.G.S. (With Plate 3.) 

P ROFESSOR J. W. GREGORY has kindly given me the opportunity 
of examining and reporting on the brachiopods and lamelli- 
branchs collected by Dr. G. de P. Cotter ^ from the Thaiingyin River, 
in the Amherst District of Burma. 

Most of the brachiopods examined are numbered K21*410 ; 
they were collected on both banks of the Thaungyin River, about two 
miles E. of the Kamawkala Gorge, in latitude 17° 3' 18", long. 
98° 26' 55", between Mawpathee and Taungu Chaung, Burma Forest 
Survey Sheet 456 S.E./4 (C-12-12-21). They arc associated with 
ammonites at this locality (Cotter, Zoc. ciL, p 281, (localitN 2)), and 
are referable to three forms: Rhynchonella bambanagensis Bittner, 
R. cf. fissicostata Suess, and R. cf. coticordicv Bittner. 

R. harnbanagensis is a Norian species of the Himalaya, and R, 
concordim is a Norian species of the Alps, Rhynchonellids related 
to R, concordioB and to R, bambanagensis are recorded l)y J^r. Cow|)er 
Reed ^ from the Upper Trias of Chinese Tibet. R, Jissicostata is a 
species of the Uppermost Trias in the Alps. The best of the asso¬ 
ciated ammonites, according to Dr. Spath, is comparable to an 
Upper Carnian genus. The specimens, both ammonites and brach¬ 
iopods, are poor, and the determinations must be accepted with 
caution. The evidence from both groups, however, points to an 
Upper Triassic age for the Kamawkala Limestone at this locality. 

The lamellibranchs come from a locality about 25 miles to the 
south ^ (K21*416), where they are associated with corals and 
rhynchonellid fragments. The best of the rhynchonelUds is a 
dorsal valve, probably R. bambanagensis ; this tends to confirm 

' G. do P. Cotter: “ The OU-Shales of Eastern Amherst, Burma, with a Sketch of 
the Geology of the Neighbourhood **. Rec, Oeol. Surv, Ind., LV, 1924, pp. 280-82. 

* P. R. 0. Cowper Reed : “ Report on Triassic, Carboniferous, and Devonian MoUusca 
and Brachiopoda from Yunnan **. In Gregory, J. W. and 0. J., “ The Geology and Phy- 
sioal Geography of Chinese Tibet Phil Trans. Royal Soc. Ser. B, CCXIII, 1925, pp. 
J79 and 280. 

• Cotter, loo, eit., p. 280 (1). 
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Dr. Cotter’s view that this locality is on the same horizon as the 
two localities farther north. 

The two best lameUibranch specimens are probably Chlamys. 
The ornament is of the same type in both, and they may be inter¬ 
preted provisionally as belonging to the same form, although they are 
somewhat discrepant in determinable ribs. 

Brachiopoda. 

The brachiopods are all Rhynchonellidse. There are 15 speci¬ 
mens (K21'416) in dark compact limestone. The shells are either 
fragmentary or firmly embedded in the tough matrix, with only 
portions of the tests revealed. A selection of the brachiopods 
(six specimens in all) was submitted to Dr. Trauth, who compares 
them all to R, fissicosiata. Two of the specimens sent to 
Dr. Trauth are especially like Suess’s species, and with four others 
(immature specimens) may be determined R, cf. Jisaicostata. In 
ext^Tnal characters these six specimens resemble closely R. saUeriana 
Stoliczka, as figured by Bittner from the Upper Muschelkalk of the 
Himalaya, but as Bittner is doubtful of the Rhynchonellid afiinities 
of this form, the determination R, cf. fissicosiata is preferable to 
R, cf. saUeriana, 

The specimens from K2l*4l6 are referable to three forms; 
Rhynchonella bambanagcnsis Bittner, R, cf. jissicostata Suess, and 
R, cf. concordice Bittner. 

In addition to the above there are rhjmchonellid fragments 
(K21-416) associated with corab and Cldamys sp.; only one specimen 
need be mentioned, a dorsal valve, probably of R, bambanagensts^ 
Rhynchonellids are also recorded by Dr. Cotter ^ at his locabty (3) 
in the Kamawkala Gorge, associated with ammonites, but 1 have 
8e(‘u nothing detenninable in the material from this locality. 

Rhynchonella bambanaqensis Bittner. 

PI. 3, figs. 1 and 2. 

Rhynchonella bambanagefutis, Bittner, 1899. “Trias Brachiopoda and LainellU 
branohiata FaL Indica, Ser. XV, III, p. 44, pi. VTII, fig. 4, and p. 60, 
pi. IX, fig. 18. 

Rhynchonella bambanagtnsis, Diener, 1908. “ Ladinio, Camic and Norio Faunm 
o£ Spiti.” Pal, Indica, Ser, XV, V, p. 128, pi# XXIII, fig. 8. 

Rhynchonella T sp., Cowper Reed, 1926. Loc* ciL, p. 279. 


* I/r^ «if., p. 281. 
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Two Bpecimens in tough limestone. Only the ventral valves 
are revealed. These are convex, subrhomboidal, about as broad 
as long. On one 11 ribs can be counted; the total number would 
be 14 or 15. The lateral ribs curve slightly outwards on the flanks, 
and the cardinal rib is much smaller than the others. A shallow 
sinus is present, comprising three ribs. Asymmetry is expressed in 
the intercalation of an additional rib at some distance from the beak 
on the right flank (ventral valve facing the observer). In the 
other specimen only ten ribs can be coimted, but others are probably 
concealed in matrix on the flanks. The sinus is more strongly 
defined on the left (ventral valve facing the observer) than on the 
right, where it passes imperceptibly into the flank. 

The actual apex of the beak is indeterminable in both specimens, 
but the ribs are strongly developed close up to it. In this respect 
these specimens agree more closely with Bittner’s specimens from the 
beds with Spiriferina griesbachi than with his specimens from the 
Hauerites Beds. 

The indeterminable specimens (Hunterian Museum, Glasgow 
University) from Yunnan recorded by Dr. Cowper Reed as Rhyn- 
choneUa ? sp. probably belong to R. bambanagensis or to a closely 
related form. They agree with the present material in all deter¬ 
minable characters. 

Locality. -K21-416. “ Thaungyin River”, both banks, from ex¬ 

posure between Mawpathee and Taungu Chaung, Burma Forest Survey 
Sheet 456 SE/4 (C-12-12-21). See also Cotter, he. cit., p. 281 (2). 

In addition to the above, some rhynchonelUd fragments are 
associated with corals and GUamya sp. at the locality K21‘415 {see 
below, and Cotter, loc. cit,, p. 280 (1)). The best of these is a dorsal 
valve, probably of R. bambanagensis. 

Distribution. — R. bambanagensis is a Norian species. It has 
been recorded from various localities of the Himalayan region by 
Bittner, Diener, and von Krafit. 

Rhynohoneixa of. coKooBDtJi Bittner. 

PL 3, fig. 6. • 

Two fragmentary st)ecimen8, each showing porticttis of both 
valves, have affinities to R. concordiw, and differ from the other 
rhynohonellids. from the same locality in having fewer and broader 
nba. 
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A R. aff. ooncordicB has been recorded from Tiinnan by Dr. 
Cowper Reed (loc. cU,, p. 279). The Yunnan specimen is a weathered 
longitudinal section and no surface features are available for com- 
parison with the present material. In the number and character 
of the ribs, however, it is similar to these two Burma specimens. 

Locality.—See R. bambanagensis (K21-416). 

Distribution, — R. concordice is a Norian species of the Northern Alps. 


Rhynchonella cf. FissicosTATA Suess. 

PI. 3, figs. 3 and 

Six specimens are referable to this form. All are fragmentary 
but two are sufiiciently complete for the determination of specific 
characters. Two other specimens have suffered lateral compression, 
and the remaining two are fragmentary, young individuals. 

The shell is triangular, and the valves are equally convex. 

Thirteen ribs can be counted on two of the specimens; the total 
number was probably sixteen. They are strongly curved on 

the flanks, leaving smooth, large and somewhat deeply excavated 
areas on the lateral commissures. There is a shallow and feebly 

defined sinus in the ventral valve; it shows scarcely perceptible 

asymmetry and comprises four or five ribs. At least one rib in each 
valve is intercalated at a short distance from the umbo; all the 
others originate at the umbo and are strongly developed there. 
The beak is determinable in two of the specimens; in one it is 
suberect, with large hypothyrid foramen, but in the other (a laterally 
compressed specimen), it is slightly incurved, obscuring the foramen. 

These specimens are longer than those described above as R. 
bambanagensis, and narrower, with correspondingly narrower ribs. 
In outline the young resemble R. levantina Bittner, but the ribs 
are more numerous than in the Levantine species. The ribs are 
probably fewer than R. saUeriana,^ which .has typically about 18, 
with six in the sinus, but their general character and distribution, 
and the shape of the valves with their somewhat narrowly trigonal 
outline, equal conveidty, and shallow ill-defined ventral sinus give 
these Amherst specimens a close external resemblance to Stoliczka’s 
species. In view of Bittner’s doubt of the Rhynchonellid affinities 

^ Stoliozka: Mem. OeoL Surv. Ind,, V, 186S p. 41, pi. Ill, fig. 11, (non 12); Bittner, 
loc. dt., p. 16, pL 11, figi. 14 and 16. 
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of saUeriana it is better to refer the Amherst specimens with the 
cautionary ‘cf*, to R. fissicostata^ to which they have a strong 
external resemblance, especially the specimen with suberect beak 
(PI. 3, fig. 3). 

Locality.—See R, bambanagensis (K21-416). 

Distribution. — R. saUeriana is a species of the Himalayan Upper 
Muschelkalk. 


Lamellibranchia. 

Chlamys sp. 

PI. 3, figs. 6, 7. 

Two lamellibranchs in the collection probably belong to the 
genus Chlamys. Although somewhat discrepant in size and in 
the number of determinable ribS, they probably belong to the same 
form. Both specimens have the margins missing; the original out¬ 
line is therefore indeterminable, but was probably orbicular or 
ovate. The ornament is of the same type in both, strong rounded 
radial costas, of one order magnitude; 25 of these can be counted 
in the large specimen, and 36 in the other; they are separated by 
interspaces which are rather wider than the costae over the greater 
part of the surface, but become relatively narrower at the margin 
of the large specimen owing to the flattening of the costae ; the 
interspaces show concentric striation. 

Dr. Trauth points out their aflSnities to Pecten n. sp, Krumbeck 

Lamellibranchiaten d. Trias v. Timor ’’ in Wanner’s PalcBonto- 
lo^e V. Timor, Lieferung XIII, Abh. XXII, 1924, pi. CXCII, fig. 21). 
The costal interspaces in Knuubeck’s form are wider than in the 
Amherst specimens. They have also afiinities to Chlamys valon- 
ieneis as figured by Newton ^ from Pahang, but Newton’s form has 
ribs of two orders of magnitude irregularly developed. The second 
order ribs are almost of the same size as the larger ribs, and the 
general aspect of the internal impression of C. vaUmiensis from 
Pahang suggests a shell very similar to the larger of the Amherst 
specimens. 

One of these specimens was recorded by Dr. Cotter (he. cU.^ 
p. 280) as. “a Lima-like shell,” and fide Tipper (Cotter ho. dt.y 

^ R. B. Newton: “ On Marine TriaBsic Lamellibranohn disoovered in the Malay 
P^ninanla*'. Proc. Malacohgical Soo., IV, 1900, p.131, pL XII, fig. 1. 
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p. 281): “ There were two ribbed PectenAike lameUibranchs, but 
the state of preservation was so poor that it was uncertain whether 
they belonged to Pecten or to Lima Towards the margins of the 
large specimen the ornament recalls Plagiostoma striata Schloth., 
as figured by Goldfuss. The valves of P. striata are more convex, 
however, the flatness of both Burma specimens recalling the left 
valve of Chlamys rather than the usually more convex valves of a 
Plagiostoma, 

A third pectiniform specimen with radial costee from the same 
locality (K 21-416) has the external surface applied to the matrix. 
It.is indeterminable, but probably belongs to the same form as the 
other two. 

Locality, —K21-415. '' Thaungyin River, Siamese bank, S. of 

629 height in sheet 517 SW/3, Burma Forest Survey (B-18-12-21).” 
Bee also Cotter, loc. c?7., p. 180 (loeabty 1). 

Distribution ,— C, valoniensis has a wide distribution in the Upper 
Trias, Rheetic, a^d Lias. It has l)een recorded by Newton (loc. 
cit.), from the Myophorian Sandstone of Pahang, Malay Peninsula, 
to the south of the present Amherst locality. 

EXPLANATION OF PLATE 3. 

Figs. 1 and 2 .—Ithyvchontlla hambanagetisis Bittner. Loc. K21-4P). 

Figs. 3 and 4 .—RhynchoneUa of. fmsicostata Suess. Loc, K21-416, 

Fig. 5 .—RhynchoneUa cf. concordi(jE Bittner. Loc, K21-416. 

Figs. 6 and 7 .—Chlamys sp. Loc, K21*415. 
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Upper Triassic Fossils from the Burmo-Siamese 
Frontier—ON Some Fossils from theKamawkala 
Limestone. By F. Trauth, Ph.D., Gustos Priv. 
Doc., Natural History Museum, Vienna. 

M y examination of the fossils belonging to the Kamawkala Lime¬ 
stone on the Thaungyin River, which I have studied at Prof. 
J. W. Gregory’s request, confirms throughout the view expressed by 
himself and his British colleagues that the material sent me is essen¬ 
tially Upper Trias ; but unfortunately I cannot offer a more precise 
attribution of the localities to any of the Upper Triassic Stages, 
Camio, Noric, or Rhsetic. Nevertheless it seems to me, from the 
ammonites and corals, that their age is most probably Camio to 
Noric. 

My determinations for the three localities separately may be 
stated as follows :— 

T. Locality. —K. 21/416, Thaungyin River, Siamese bank, south of 
629 feet height in sheet 617 S. W./3, Burmese Forest Survey (B. 18- 
12 - 21 ). 

TheoosmUia sp. 

Ostrea sp. 

Slide of same specimen. Indeterminable fragments of corals 
and echinoderms. 

K 21/416. One large and one small Pecten valve radially ribbed, 
with concentric striae in interspaces between the ribs, llie form 
reminds me in a certain degree of Pecten n. sp. in L. KrumbeCk, 
“ Lamellibranchiaten d. Trias v. Timor ” (Wanner’s “ Palaeontologie 
von Timor ” Lf. XIII, Abh. XXII, (1924). Taf. CXCII, fig. 21), 
without however being fully identical with it. It can only be 
indicated as off. thereto. 

E. 21/416. z. On the largest of the rook specimens sent is a 
longitudinal section of a large gastropod, which is not further deter¬ 
minable. With it aire some indeterminable bivalve remains, crinoid 
stems, and fragments of corals. On the somewhat smaller rook 
specimen (shown by a red circle) a piece of coral is weathered out 
w)4c]i seems to us to resemble IsastrcBa {LatimcBandm) norioa^ 
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Freoh var. minor Freeh Die Korallenfauna der Trias, (PdloeorUographica, 
Vol. XXXVII, p. 26, PL VI, fig. 9) from the Upper Trias (Zlambach 
beds=Norio Stage). Less marked seems to us the resemblance 
with IsastrcBa haueri Laube (Fauna von. St. Cassian, I, Abth. 
Spongitarian, Corallen etc. Denk. Akad. Wiss, Wien. Math, Nat. KL, 
Vol. XXIV, 1866, p. 43, PI. VII, fig. 1) from the Cassian Beds 
(Upper Ladinic Stage) of the Southern Alps. 

K. 21/416. z. and two sbdes. Some bivalves which cannot be 
further determined than Ostrea ?, and fragments of corals and two 
sections of echinoid stems which are oval as seen in oblique 
section. 

K 21/416 g. Crinoid stems and coral remains not more nearly 
determinable. A specimen of the same number and two slides 
with remains of Diplopora. 

These and a thin section which we have cut from a rock frag¬ 
ment, K 21/416, show sections of Diplopora which my colleague 
Professor Dr. J. von Pia has still further investigated (see p. 177 of this 
part of the Records). They show small spherical sporangia on the 
inner wall of the stem, and resemble Diplopora phanerospheera Pia 
(SiphoneoB voriidllatw, from the Carboniferous to the Lower Cretaceous ; 
Abh. Zool. Botan. Oes. Wien^ Vol. XI, (1920), p. 69, PL IV, fig. 4), 
which, according to A. Rothpletz, is said to have originated in the 
Rhaetic of Hindelang in the Alps of Allgau. 

K 21/416 h. Coral remains and amongst them perhaps Isastroea 
(LatimoBandra) aff. norioa Freeh, var. minor Freeh ? (Norian Stage; 
23ambaoh Beds). Also bivalve remains and among them Ostrea sp. 

K 21/416 w. marked by blue line; single oblique sections of 
Thecosmilia sp. 

Marked by red line: PhyUocoenia cf. incrassata Freeh {Palawan- 
tographica, Vol. XXXVII, p. 30, PL VIII, figs. 11 and 13; from 
the Zlambach Beds, Norian Stage, of the Northern Alps), a small 
specimen, which unfortunately owing to its imperfect preservation 
cannot be quite certainly determined. 

K 21/416 y. The conoentricly striated small knob on the surface 
of this specimen is manifestly a Sphcerocodium, an alga, which 
is very similar to some specimens occurring abundantly in the Cassian 
Beds (Upper Ladinic Stage) of the Southern Alps. 

II. Locality. —K 21/416. Thaungyin River, both banks, from ex¬ 
posure between Mawpathu and Taung-u Chaungs, Sheet 466 S,E./4 
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Ammonites gen. & sp. indet. Three specimens, which are not suffi> 
ciently well preserved for safe generic determination. 

Juvavites sp. aff. biilom Dien., 1 specimen. A very incomplete am¬ 
monite fragment, which shows only one half of a whorl. It indicates 
diameter of about 25 mm. and thickness of about 11 mm. The ribb¬ 
ing might be regarded as nearest to a Juvavites allied to J. biilom 
Dien., a species which Diener has determined as of the mixed Carnic- 
Noric fauna of the Hallstatt-Kalk of the Feuerkogel at the Rotol- 
stein, near Aussee, in the Austrian Limestone Alps. (C. Diener, Dcnk. 
Akad. Wiss. Wien, Math.-Nat. Kl., Vol. XCVII, (1920), p. 469, PI. 
IX, figs. 7a. b.) The suture line is not preserved and imfortimately 
cannot be used to confirm the above reference. 

Rhynchondla sp. aff. Jissicostata Suess. Six specimens which 
in form and ribbing have some features that resemble those of 
Rhynchonella fissicostata Su,ess from the uppermost Trias of the 
Alps (Kossener Beds, Rhsetic Stage); they have however, a still 
more strongly incurved beak than that species. 

Rhynchondla sp. ind. One example which, though very imper¬ 
fectly preserved, is apparently more coarsely ribbed than the previous 
form. 

III. Locality .—K 21/417. From Eamawkala Gorge, Thaimgyin 
River, British side near and west of the Chaung-junction. Sheet 
456, S.E./4 (A.-13-12-21). 

Ammonites gen. & sp. ind. The weathered remains of some small 
shells, of which unfortunately not one is generically determinable. 

Trachyceras sp. One specimen of an Ammonite which retains 
a diameter of about 48 mm. Prof. Dr. J. A. von Arthaber, to whom I 
showed this specimen, regards it as belonging to the genus Trachy¬ 
ceras, but its relatively imperfect preservation does not permit of a 
specific diagnosis. The occiuxence of this genus may be regarded 
as evidence of the Ladinic or Camic Stage. Yet in view of the 
certainly Upper Triassic aspect of the scanty fauna of the Kamaw- 
kala Limestone we are inclined to regard the horizon of this Tradky- 
oeras as Camic. 

The aspect of the Eamawksla Limestone resembles in all res¬ 
pects the richly fossiliferous marly limestones of the southern and 
northern Calcareous Alps, as, for example, the Caesian and Raibler 
Beds of the Southern Alps, and the Zlambach and Kossener Beds 
of the Northern Limestone Alps. 
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Upper Triassic Fossils from the Burmo-Siamese 
Frontier.-A New Dasycladacea, Holosporella 
siamensis NOV. gen., nov. sp., with a Description 
OF THE Allied Genus Aciciilella Pia. By Julius 
P iA, Ph.Dm Professor, Natural History Museum, 
Vienna. (With Plate 4.) 


A mong some palaeontological material sent by Prof. J. W. Gregory 
to my friend Dr. F. Trauth for comparison with types 
preserved at Vienna there was a slide containing a few puzzling 
fossils. Dr. Trauth presumed they might be algae and showed them 
to me. They proved to belong to an interesting new genus of 
Dasycladaceae. Our scanty knowledge of other Triassic members 
of this family from Eastern Asia is simimarized in my paper on 
Dasycladaceae from the Moluccas (Pia, 1924). 

The slide transmitted by Prof. Gregory and a rock-fragment, 
from which it had been obtained were labelled as follows : — 

K 21-415, g Kamawkala Limestone. Thaungyiii (Thoung- 
yeng) River, Frontier of Burma and Siam, N. of Myawadi (ea. 
NE of imnith of Sal win River). Siamese bank, s. of 629 height in 
sheet 517 SW/3, Burma Forest Survey (B-18-12-21). Opposite the 
hill Lewa Taung. 

Prof. Gregory and Dr. Trauth agreed in ])resuming that the 
ago of the rock is Upper Triassic, though the scarcity and bad 
preservation of the fossil animals in it previmtiHl a sm‘e determina¬ 
tion. The fossil alga described below furnishes no evidence bear¬ 
ing on the stratigraphical question, as it belongs to a genus 
hitherto unknown to science. As will be shown later, all the species 
susceptible of close comparison with our new fossil arc of Triassic 
age, 80 that at any rate the result of the palseobotanical investi¬ 
gation is not opposed to the conclusions drawn from the other fossils. 

The general shape of the fossil is cylindrical, with a rather thick 
wall and an axial perforation piercing the cylinder from end to end 
(or nearly so at least). The wall cousist^s of a single layer of 
globules. They were originally hollow, with a thin membrane of 
calcium carbonate. At present some of them are filled with trans¬ 
parent calcite crystals, some with darkish sediment. Obviously 
the later wore already opened, when they were imbedded in the 

N 
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rock. More worn sj^hcres arc reduced to hemispherical depressions 
on the outer side of the cylinder. The walls of the globules often 
coalesce, but in some instances one can easily see a dark line 
separating them from each other. 

Measurermnts, 

Outer diameter of cylinder .... about 0-4 mm. 

niamoter of central perforation . . . O-l^mm. 

Diameter of globules 0*12 inm. 

Thickness of membrane 0*01 min. 

Numlicr of globules to be seen on a cross-section . „ lO. 

It would be practically impossible to determine the systematic 
position of this fossil without the knowledge of a single small rock- 
specimen preserved in the Geological Collection of Munich and 
containing Diplopora phanerospora, I have given a thorough des¬ 
cription of this alga in 1920 and a new reconstruction of it in 1926. 
(See also Hirmcr’s Text-book of Palseobotany, 1927, pp. 72-73). For 
our present purpose it is sufficient to copy three of my former figures 
(PI. 4, figs. 10-12 of this paper) and to draw attention to the following 
peculiarities. Inside the normal skeleton of Diplopora phaneros-- 
pora enshrouding the axial cell and the proximal parts of the 
branches there is another tube of calcium carbonate, built up of 
hollow spheres, just as in our fossil. Its contour is undulating, 
not straight, but this is certainly only a 8j)ecific character. I have 
shown that these globules must be interpreted as the sporangia 
situated in the axial cell of the alga. This is a primitive condition 
not observable in recent Dasycladacea), but quite general among 
Palaeozoic and early Mesozoic genera. 

From a comparison with Diplopora phanerospora it becomes 
obvious, that the Siamese fossil is the sporangial tube of a Dasy¬ 
cladacea otherwise devoid of calcification. Whether this was a 
Diplopora it is not possible to say. For wc may safely assume, 
that very different genera had the same arrangement of the sporan¬ 
gia. Nor is it possible to decide, whether the organs contained in 
the globules were cysts or free gametes. The living Dasycladacese 
do not behave uniformly in this respect. 

The exact age of Diplopora phanerospora is not known, though 
it is probably Triassic. 

There is one other fossil alga to be compared with our new 
species. It is not sufficient in itself to explain the homologies 




Part 1.] 


JuLiTTS PiA : Ilcitosporella Siamemis. 


179 


a 



Fi^ 1.—Three oblique diagrammatic seotion? of Lime-akeletons, to show the probable 
homobgiee. 

(а) HoioiporeUa siamensis, x 80. 

(б) DijiU^pora fkantrwpora. x30. 

(c) AdcuieUabaciHum xtK). 


of the later. But it is of interest to us, because it gives another 
example of a calcified axial cell-content without outer skeleton, 
and beoause its exact stratigraphic position is known. I named 
this fossil AciculeUa baciUum in Hirmer’s Text-book (p 86), but no 
detailed description or figure was given, I take the opportunity 
to make good this omiasion. 
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AciculeUa hacUlum appears as small, massive rods of carbonate of 
lime, without central channel. Immediately below, the surface there 
is a layer of spherical holes. It seems that they opened originally— 
not only when damaged—on the surface. Occasionally isolated 
cavities of the same pattern as those just described are to be seen 
inside the main layer. 


Measurements of Aciculdla bacilhm. 

Diameter of rode ..... about 0*4—0*7 mm. 

„ „ oavities.. 0*1 inin 

Number of oavities to be seen on a oroas-seotion ^ 

AciculeUa very much resembles Acicularia. It is, however, 
highly improbable, that it had the very specialised organisation 
of this much younger genus, which seems to have developed from 
Terquemella in late Cretaceous time only. Nor could I detect any 
trace of a pointed end in my specimens of Acumlella. I deem 
it much more probable, that we have to deal with the content of 
an “ endospore ” axial cell. It must be supposed that at the time 
when calcihcation began, assimilation and circulation were stopped. 
The axial cell was gradually filled with lime from the growing point 
downward, mainly from the supply of material stored in the root- 
cell. When the alga died and broke to pieces, the gametes or the 
cysts in which they were contained—escaped from the cavities by 
the pores. 

I obained the rock-specimen .with Aciculdla through the kindness 
of the late Prof. L. v. Loezy. It was collected by Dr. St. v. Ferenezi 
in the so-called Chocs-dolomite of middle Triassic age Pia, '1919 
at Vagluha, Inovec Mountains in the Western Carpathians. I deter¬ 
mined in the same slides Diplopora annulata. The Ladinic age of 
the rock is therefore absolutely certain. 

It might be doubted whether the Siamese alga is generically 
different from Aciculdla. However, in my first definition of the 
later genus I considered the lack of an axial perforation to be an 
essential character. I should prefer to retain this definition as it 
stands, unless clear proof can be foimd showing the close resemblance 
between the two species with respect to the vegetative organs. 
Jot this reason I propose the name Holesfordla siamensis for the 
fklga from the Thaungyin Hiver. 
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I have to thank Prof. Gregory and Dr. Trauth for drawing my 
attention to this interesting specimen of Holosporella ; and the Hunga¬ 
rian Geological Survey for lending me the specimens of Aciculella 
as well as much other valuable material. 


LUeraiitre cUed. 

Pia, J., 1919.—Zur Altersbestimmung des Chocsdolomites. 

Jdhrb, ZJngar. Oeol. Reichsanst, f. 1916, p. 266, Budapest 1919. 

Pia, J., 1920.—Die SiphonecB veHicillatcB vom Karbon bis zur 
Kreide. Abhandl. ZodogMan, Ges,, Vol. 11, f. 2, Wien 1920. 

Pia, J., 1924.—Einige Dasycladaceen aus der Obertrias der Moluk- 
ken. Geologische Onderzoekingen in den Oostelijken Oost-Indischen 
Archipel door H. A. Brouwer. Jaaih. v. h. Mijnwezen in Ned. 
Oo8t-Ind., Vol. 62, 1923, Verb., p. 137, Gravenhage 1924. 

Pia. J., 1926.—Pflanzen als Gesteinsbildner. Berlin 1926. 
Hirmer, M., 1927.*- Handbuch der Paleeobotanik, Bd. I, Miinchen 
and Berlin 1927. 


EXPLANATION OF PLATE 4. 

Each specimen is surrounded in the drawings by a zone of sediment. The 
skeletons are mostly bright on dark ground. 

Figs. 1-6. HolosporfUa siamensis nov. gen., nov. sp. x36. 

1. Nearly longitudinal section. Sporangia and axial perforation filled with 
oaloHe. 

2. Longitudinal heotion. Sporangia much damaged. All cavities filled with 
detritus. 

3. Oblique section. Sporangia partly opened; limits between their walls 
very sharp. 

4. Oblique section. Axial cavity filled with oalcite, spoiangia mostly broken. 

5. Oross-seotion. Preservation like fig. 4. 

6. Oblique section. Axial hole filled with detritus. 

Figs. 7-0. AciculeUa baciUum Pia. 

7. Cross-section, x 24. 

8. Oblique section, nearly axial. X22. 

9. Probably tangential section. x24. 

Figs. 10-12. Dtplopora phanerospora Pia. Oblique sections, XlO. (Drawings 
already published in 1020 and reproduced here for comparison). 

10. Sterile specimen. 

11. Fertile specimen. Spcnangia filled with caloite. 

12. Fertile specimen* Sporangia opened and filled with detritus. 
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The Occurrence of Cretaceous Cephalopods in 
THE ^ Red Beds ’ of Kalaw, Soui hern Shan States, 
Burma. By Cyril s. Fox, D.SCm M.I.Min.E., F.G.S., 
Officiating Superintendent Geological Survey of India. 

Red beds, consisting of soft sandstones and shales with calcareous 
conglomerates, are well exposed around the station of Kalaw (96° 36': 
20° 38') in the Southern Shan States of Burma. These ‘ Red Beds ' 
of Kalaw comprise part- of C. S.. Middlemiss * ‘ Purple Sandstone 
Zone ’ {OenL. Report of Oeol. Surv., India for 1899-1900, p. 143). 
T. H. La Touche^, writing of the Purple Sandstone zone, considered 

it ** to be the equivalent of the Namyau series. The only 

difference is the presence in Middlemiss’ area, of interbedded con¬ 
glomerates, of considerable coarseness and thickness, apparently at 
several different horizons ; and of thin seams of coal 

The marine (brachiopod) faima of the Namyau series has been 
described by S. S. Buckman*. He thought the Namyau series might 
be divided into two parts—a lower fossiliferous limestone part with 
brachiopods of Bathonian afiBnities and an upper unfossiferous part 
with soft purple sandstones and shales. For the former Mr. Buckman 
suggested the name Namyau Limestones and for the latter Namyau 
Shales. Of these two parts he wrote* : “ It may be they are two 
quite distinct formations, differing considerably in date. It may be 
that the Namyau Shales are not sequential on the Namyau Lime¬ 
stones—that after the deposition of the Limestones there may have 

occurred the main synclination.with subsequent denudalion, 

antecedent to the deposition of the Namyau Shales.” 

In 1922 during his examination of the Loi-an coal-field, 3 miles 
east of Knlaw G. de P. Cotter^ found the following plant fossils in 
the coal-measures of Middlemiss’ ‘ Purple Sandstone zone ’:— 

Filicales : Cladophlebis deniiculata (Brong.). 

Gingkoales : Oingkoites digUata (Brong.). 


‘ Mem. Oeol. Bwrv. India, Vol. XXXIX, pt. 2,'1918, p. 806. 

• Pal. Indiea, New Serief, Vol. HI, Mem. No. 2,1917.1 

• Ibid, p, 210. 

• Unpnblidked “ CoDfidential Report on tjio Jx)i-an Goal-field ** by O, de P, Cotter, 
Oeol. 8wrv., India, 1922, 
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Coniferales : PagiophyUum divaricatum (Bunb.). Brachyphyllum 
expanaum (Sterub.). 

Beanettitales : PiUophyUum ap. cf. P. (non Otozamitea) hialopi 

. (Oldh.). 

Incertae aedis; Podozamilea diaiana (Morria). 


Of theae fossils Dr. Cotter wrote :—“ GingkoUea digitaUi is a 
cosmopolitan Jurassic species, PagiophyUum divaricatum occurs in 
the lowermost Cretaceous (Uniia) group of Kachh, BrachyphyUum 
expanaum (Feistmantel's PaxdiyphyUum heterophyUum) occurs in the 
Vemavaram beds (age upper Lias to lower Oolite) PiUophyUum 
hialopi is also found at Vemavaram,^ while Podozamilea diatana 
is found in the Lias at Rajmahal. The age of the coal is therefore 
Jurassic, but it is not yet possible to state whether it is Lias or 

Oolite.the fossil flora definitely proves the coal-measures 

to be later than the Plateau limestone,* and close in age to the Nam- 
yau series of La Touche, which contain a brachioj)od fauna of Batho- 
nian (Lower Oolite) age/’ Dr. Cotter also expressed the view that 
the ‘ Red Beds ’ of Kalaw were considerably younger than the Loi- 
an coal-measures and hinted that they might even be Cretaceous in 
age. 

My duties in connection with the coal-fields of Burma took me 
to Kalaw in January 1929. 1 was aware of the possible two-fold 

character of the Namyau series of the Northern Shan States and the 
probability that Middlemiss’ ‘ Purple Sandstone zone ’ might have 
a three-fold character, as it might comprise (1) the ‘ Red Beds * 
of Kalaw, (2) the Loi-an coal-measures and (3) the equivalents of the 
Napeng beds. 

At the time of my visit to Kalaw an effort was being made to 
improve the local Race Course, and, to fill uj) the hollows in the track, 
material was being taken from the Red Beds— 
from the little hillock (with a small pagoda on 
it) between the Railway Station and the Kalaw Hotel. The strata 
exposed in the cuttings were very soft, friable sandstones and shales 
of a purplish red colour. The beds dip westward (i.c., towards the 
hillock and the Race Course) at about 25°. The section laid bare 
probably represented 30 feet of the strata. At this place, with the 


* Kcd Beds of Kalaw. 


^ Juraasio (Rajmahal plant beda) atrata in the coastal strip of the Madras (Ck>romanda]) 
coast. 

* Upper Plateau limeatooe (Anthraoolithic) ia roughly equivalent to the Upper and 
Middle PToduotus Umeatone ol the Punjab Salt Range. 
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help of my interpreter, orderly and a few coolies, I collected two 
baskets full of fragments of sandstone in which evidences of fossils 
were visible. Unfortunately the material was exceedingly fragile 
and easily crumbled to pieces. In spite of the greatest care* only 
two specimens survived the train and sea journeys to Calcutta. 
Dr. Cotter, then Pateontologist to the Geological Survey of India, 
examined these two specimens. He has provisionally recognised 
them as follows :—No. K 24/866 as Turrilites sp. ounliffeanus (?) 
and No. K 24/866 as Baculites sp. vagina (?) (compare Plates 
LXXXIX and XCI respectively in PaL Indica, series I and III, Vol. I. 
1861-1865). The specific determinations are of course open to emen¬ 
dation, but Dr. Cotter was in no doubt that these Cephalopods were 
similar to those in the Trichinopoly beds of the Madras Coromandel 
Coast, which are Upper (Ariyalur) to Middle (Utatur) Cretaceous in 
age. 

The terrestrial flora of these beds have already been discussed 
and it has been shown that the Loi-an coal-measures are Lower 


Oolite to Liassic in age. The exact correlation ol 
0 an coa measures, Loi-an strata with the Namyau Limestone 

must always remain uncertain, as the age of the latter is based on a 
marine faima. The probability is that they are very close in ago. 
There is thus evidence of shore conditions in Liassic times in the 
Madras region on the one hand and in the Southern Shan States 
on the other. Fluviatilc conditions were present in the Rajmahal 
area and, contemporaneously, marine deposition was in progress in 
the Northern Shan States. The non-recognition of Jurassic strata in 
Assam and the presence of Cretaceous fossils on the southern margin 
of the Shillong plateau support Mr. Buckman’s idea of a transgression 
of the sea in Upper Cretaceous times. 

The age of the Napeng beds of the Northern Shan States was 
finally established as Rheetic by Miss M. Healy.^ These beds in the 
en beds Southern Shan States should therefore underlie 
^ ’ Dr. Cotter’s Loi-an coal-measures and overlie 

the Upper Plateau limestone. A series of hard sandstones and 
conglomerates, quite distinct from the soft ‘ Red Beds ’ of ICalaw, 
occur south-south-west of Legaung (96® 30': 20® 60'), roughly east 
of the Thazi-Kalaw road, about the 38th mile from Thazi. My 
examination of these beds was very hurried, but there is little 


^ Pal. Indioa, New Berks. Vol II, Mem. No. 4, 190& 
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doubt that they underlie the coal-measures in the synclinal of the 
Legaung ridge. The Plateau limestones are exposed further west 
along the railway line from Thazi to Kalaw. Unfortunately I was 
unable to find any fossils in these sandstones and conglomerates, so 
that their correlation with the Napeng beds cannot be insisted on. 
They are, however, older than the coal-measures of the Kalaw region 
and, in view of the Cretaceous cephalopods much older than the 
‘ Red Beds * of Kalaw. 

From the evidence now available the stratigraphical succession 
of the Mesozoic ’formations of the Shan plateau may provisionally 
be classified as follows :— 

Age. Northern Shan States. Southern Shan States. 


Cretaceous 


Jorassio 


{ Upper . Naniyau Shales. 
Middle . 

Lower . 


r Upper 
Oolite 
• Lower 


1 Oolite 
[^Lias 


Break, 

. Namyau Limestones. 


* Red Beds * of Kalaw. 


• Loi-an coal-meaBuree. 


Break. 

{ Rhsetic . Napeng Beds. 

Keupei . 

Bunter.Beds at mile 38 Thaai Road. 


Permian . 


{ Upper . 
Middle . 
Lower . 


Break. 

Upper Plateau limestone. 


Upper Plateau limeetone. 


Although no Cretaceous fossils have previously been found on the 
Shan plateau there are records of the discovery of ammonites^ of 
Diftribution of Crefa- believed Cretaceous forms, m the Arakan Yoma 
ceous beds east of Penin- and the Assam hills bordering Burma. W. 
sular India. Theobald^ secured a single specimen, Ammo¬ 

nites (ScMoenbachia) inJlatuSy Sow. from near the vDlage of Ma-i 
(94® 13' : 19® 20') in the Sandoway district, Arakan. F. Noetling* 
picked up an ammonite (evidently derived from beds in the Patkoi 


1 Mem. Oeol. 8urv., India, Vol. X, 1873, p. 811. 

• Bee. Qeol. Burv., India, Vol. XXVI, 1891, p. 34. 

o 
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XAnge) in the Hukong Valley. H. H. Hayden found an ammonite 
in the Naga H ills and recorded that T. H. La Touche had found 
Cretaceous echinoids in the Lushai Hills.^ Fossiliferous Cretaceous 
strata have long been known from the southern scarps of the Shillong 
plateau about Tharia Ghat (91° 46' : 25° 11') and Jowai (92° 12' : 
25° 27') in Assam.® The Cretaceous beds of Trichinopoly* along the 
east coast of Madras have been known for a still longer period. E. 
Spengler has shown that 60 per cent, of the specimens of the Creta¬ 
ceous fauna of Assam are identical with species from the Ariyalur 
group of the Trichinopoly (Madras) beds.* Among the more interest¬ 
ing Assam Cretaceous forms are :— 

Stigmatopygus elatus from Tharia Ghat and Jowai, 

Ostrea {Alectryonia) ungvlata from Sokha and Wahmlein, 

Nerita divaricata from Tharia Ghat, 

Lyria crassicosta ,, ,, „ 

Baculites vagina „ „ „ 

Turrilites {Heteroceras) cf. hornbyense, Whiteaves, also from Tharia 
Ghat. 

Spengler concluded that both in Assam and in the Pondicherry 
(Madras) areas the Cretaceous fauna indicated a Senonian age. 

From the fact that the Cretaceous fauna in the Himalayan and 

Tibetan strata is quite different from that in the rocks of the Assam 

^ , and Madras areas it must be concluded that these 

General conclusions. ^ ^ i i i i i • 

two marme areas were separated by a land barrier 

in Cretaceous times. This belief is supported by the evidence of the 

coal seams, suggestive of a shore line, of Upper Cretaceous age in the 

Garo Hills tract of western Assam. 

It is difficult to trace the changes in the distribution of sea-and 
land in this region previous to the Senonian epoch of the Cretaceous 
period. However, it is clear, from the widespread occurrences of an 
Anthracolithic (Permian) fauna In Burma and the Himalayan region, 
followed by the almost isolated position of the Napeng (Rh»tic) 

1 Bee. (hdl. 8urv., India, Vol. XL, 1910, p. 288. 

* Mem, Oed, Surv., India, Vol. VII, 1871, p. 181; Rec. Oed, 8urv, India, Vol. 1,1868; 
ihii, Vol. VII, 1874; Vol. XV, 1882; Vol. XX, 1887 ; and Vol. LV, 1924; alfo Pal, 
Indica, New Series, Mem. No. I, 1923. 

» Mem. Oed. 8urv., India, Vol. IV, 1862 ; Re^, Ged. 8urv„ India. Vol. XXVIII. 1896; 
Pal. Indica,. series I and III, Vol. T, 1801-66 ; series V, Vol. 11, 1S67-68 ; ser%es VI, Vol. 
Ill, 1870-71 ; and series VTO, Vol. IV. 1872-73. 

^ Pal. Indica, New Series, Vol. VIII, Mom, No. 1, 1923 (also Kossmat: * Untenuohnn- 
iren uberdieSiidindi8ohekreideformaiion,’I£I,Bi»<rd^ jUr Paldonlologief etc., XI, 1898, 
p. 184). 
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marine fauna in the Northern Shan States, that extensive land con¬ 
ditions were prevalent in the early epochs—Bunter and Keuper— 
of the Mesozoic era. A similarly restricted sea evidently existed in 
the Lower Jurassic period (as indicated by the marine fauna of the 
Namyau Limestones) but with the closing epochs of the Cretaceous 
period a great marine transgression was in progress. This ocean 
appears to have attained its maximum extent about the time of the 
eruption of the basaltic lavas (the Deccan volcanic period) in the 
Peninsular region of India. 
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.iVlETHODS OF Analysis of Coal used at the Gov¬ 
ernment Test House, Alipore, Calcutta. By N. 
Brodie, Esq., M.Sc., F.G.S., A.I.C., Superintendent, 
Government Test House, Alipore, with an Editorial 
Introduction. 


INTRODUCTION.* 

I N his meinoirs upon the coal-fields of India, Dr. Fox has incor¬ 
porated a large luirabor of analyses of Indian coal kindly pro¬ 
vided by the various firms for whom they were done at the Govern¬ 
ment Test House, Alipore. It seems appropriate, therefore, to take 
this opportunity to render public the methods of coal analysis 
adopted at the Test House, and Mr. Brodie has accordingly very 
kindly written the following paper. Perhaps one comment upon 
this paper and the custom of the Indian coal trade might be per¬ 
mitted at this point. 

It will be seen from Mr. Brodie’s paper that at the Government 
Test House it is the practice, in returning the results of proximate 
analyses of coal, to exhibit the moisture contents separately from 
the remainder of the analysis, so that the volatile matter, fixed 
carbon and ash contents are shown as totalling to 100 per cent. 




* By L. L. Fermor. 
( 188 ) 
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excluding the moisture. Consequently, in Dr. Fox’s Jharia memoir 
(now in the press) where analyses done at Alipore are reproduced, 
the same method has been followed ; but where analyses from other 
sources are utilised, Dr. Fox follows the more customary method 
of including the moisture contents with the constituents that total 
to 100 per cent. At first sight it may appear that the Alipore 
practice is the more desirable, because it enables the reader to make 
a direct comparison of the constituents of coal that possess fuel 
value, namely, the volatile matter and the fixed carbon. It must 
be remembered, however, that a portion at least of the moisture 
of the coal is an inherent constituent of the coal as it is in colloidal 
association with the other constituents of the coal, as has been shown 
by myself in two recent papers. It is also true that the amount of 
moisture in an air-dried sample varies within limits according to the 
temperature and humidity of the atmosphere. But it does not 
follow that all the moisture should be excluded from the analysis. 
It means instead that coal must be regarded as a system, the composi¬ 
tion of which varies with the circumstances to which it is exposed. 
When the coal is utilised as fuel, a proportion of the heat generated 
by the combustion of the carbonaceous materials is utilised in 
evaporating the moisture contents of the coal, and, therefore, it 
appears to some that the inclusion of the moisture contents in the 
analysis of coal is necessary in order to give a correct view of the 
economic value of that coal. Assuming that the calorific values of 
coal at the Government Test House are also carried out on dried 
coal, it seems obvious that the results obtained are higher than 
would be experienced in practice, both because 100 grammes of coal 
as used in practice contain less than 100 grammes of air-dried coal 
by the amount of the moisture present, and because in practice a 
portion of the heat generated by the carbonaceous portion of the 
coal would be utilised in evaporating the moisture contents. 

A classification of coals into grades is given in para. 24 of the 
Ck)al Grading Board Act, 1926. From the fact that the points 
mentioned in the various grades are ash percentage, calorific value 
and percentage of moisture, it would appear that the classification 
was intended to apply to coals as they actually exist, namely, includ¬ 
ing moisture. From the notes on p. 6 of the Publication of the 
Indian Coal Grading Board, 1928, containing a list of graded coals, 
copies of the Act and Rules and other information (1929), in which 
attention is drawn to the discrepancy between the calorific value 
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of air-dried and oven-dried coals in high-moisture coals, and from 
the fact that the Grading Board describes briefly the method of 
determination of calorific value adopted at the Government Test 
House, Calcutta, it appears that for purposes of classification into the 
grades of the Coal Grading Board, the data determined by oven-dried 
coals are adopted. This is a more favourable treatment of coals than 
the Act would appear to have intended and must allot to many coals 
a considerably higher calorific value than the coal as used possesses 
and consequently must in many cases allot a coal to a higher grade 
than would otherwise be the case. 

ANALYSIS OF COAL. 

The methods of analysis employed in different laboratories for 
the analysis of coal and also the methods of treatment of samples 
prior to analysis vary very considerably. The present chapter deals 
particularly with the methods followed at the Government Test 
House, Calcutta. 


Sampling. 

A sample of coal as received at the laboratory should be a fair 
average of the consignment it represents. To ensure that this is 
so is not the business of the analyst but of the sampler. The question 
is, however, sometimes forced on the attention of the analyst, who 
may in an extreme case receive a single piece of coal as a sample. 
A single piece of coal cannot represent anything but itself and it is 
important that all buyers and sellers should be aware that coal is an 
extremely variable material, even from foot to foot of the same seam. 
Correct sampling is therefore an indispensable preliminary to 
analysis. The details of sampling, however, fall outside the scope 
of the present chapter and it is not proposed to deal with the subject 
here except to draw attention to its importance. 

The representative sample necessarily consists of a large number 
of pieces of coal which in the majority of cases have already been 
broken down considerably in the process of sampling. Jn the labo¬ 
ratory a much smaller sample completely representative of the 
largest sample, and hence, if all has gone well, of the entire consign¬ 
ment, must be prepared. Many methods of achieving this are in 
use. In the Government Test House the sample as received is broken 

b2 
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down further and quartered. The operation of quartering consiste 
of collecting the sample into a flat heap, roughly circular in shape, 
and drawing two lines at right angles through the centre. The 
heap is thus divided into four nearly equal sectors. Two sectors 
diagonally opposite are rejected and the other two retained for 
further treatment. The quartered material, now reduced to half 
its former bulk, is ground further and again quartered. This process 
is repeated and the sample thus becomes smaller and smaller and 
simultaneously finer and finer. The alternation of grinding and 
quartering is continued until a fraction of suitable size is obtained. 
This material is then passed through a sieve having 60 meshes to 
the inch. Any coal retained on the sieve is further ground until 
all has passed through. The whole is finally mixed thoroughly to 
obtain the laboratory sample, which weighs about 100 grams. 


Proximate Analysis. 

The type of analysis most commonly required is a ‘ proximate ^ 
analysis together with the calorific value. Sometimes an * ultimate ^ 
analysis is required, but in most cases this is of little importance 
to the user. The ultimate analysis means the determination of the 
composition of coal or other material in terms of its chemical 
elements, which in the case of coal are carbon, hydrogen, nilrogen, 
sulphur, oxygen and also ash, although the ash, of course, is not an 
element. A proximate analysis is one which sets forth the composi¬ 
tion of the material on what is frequently a more rational basis, 
vtz., in terms of the compounds or groups of which it is composed. 
This at least is the formal meaning of the word. In coal Analysis 
it is used in a loose sense, since it is not possible to determine 
the compounds present. The practical meaning in coal analysis 
is much less ambitious and in this case the proximate analysis means 
the determination of moisture, volatile matter, fixed carbon and 
ash. The volatile matter is the gas given off when the coal is strongly 
heated and fixed carbon is the coke remaining after deducting the 
amount of ash contained in the coke. 

The four items of the proximate analysis do not even in the case 
of moisture represent definite chemical entities. They should rather 
be regarded as /irbitrary figures, of which the values, for any given 
coal, are to a <'onsiderable extent dependent on the details of the 
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method used, which should therefore be standardised as closely as 
possible. Moisture is generally determined by heating the coal to 
a defimte temperature until it has a constant weight. In addition 
to the moisture, however, other losses may occur and on the other 
hand and more important there is a certain oxidation of the coal 
tending to an increase of weight and hence to an apparent reduction 
in the percentage of moisture. The determination of volatile matter 
is much more arbitrary, as the amount of gas given off when the 
coal is heated depends very largely on the temperature used and on 
the conditions under which the coal is heated. The ash of coal is 
abo not a definite substance. It does not actually represent the 
mineral matter originally present in the coal but thb mineral matter 
after it has been altered by incineration of the coal. The quantity 
of ash obtained may therefore vary according to the method of 
ash determination employed. The fixed carbon, which b determined 
by difference, is naturally greatly affected by the variations in the 
other determinations. 

The proximate analysis of coal, as also the ultimate analysis and 
the determination of calorific value, may be carried out on the sample 
„ ,, as received, i.c., after sampling in the manner 

described (or m some analogous way) without 
drying. On the other hand it may be carried out on the dried sample 
or on the air-dry sample. All of these methods appear to the writer 
to have their disadvantages. The material frequently taken is the 
air-dry coal, but air-drying is not a very definite stage, since varying 
humidity and temperature affect the coal moisture content very 
considerably. At the Government Test House it is the practice to 
carry out all analyses on the dried coal, since it b considered that 
thb gives the most consistent basis for analysis and is equally appro¬ 
priate for all types of analyses. The analysis of the same coal carri( d 
out at different times should therefore be comparable. For the 
same reason the moisture content b exhibited separately from the 
remainder of the analysis, \^hich, therefore, totals 100 per cent, 
excluding the mobture. In carrying out the analysis the moisture 
is first determined. About two grammes of the powdered coal are 
weighed into a weighing bottle and heated in an air oven at a temper¬ 
ature of 106‘^C. until all mobture has been driven off. This requires 
about two hours. A modification of this method b required if the 
coal b exceptionally mobt in order to prevent undue loss of moisture 
during the process of sampling. In thb case the sample for the 
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down further and quartered. The operation of quartering consistfl 
of collecting the sample into a flat heap, roughly circular in shape, 
and drawing two lines at right angles through the centre. The 
heap is thus divided into four nearly equal sectors. Two sectors 
diagonally opposite are rejected and the other two retained for 
further treatment. The quartered material, now reduced to half 
its former bulk, is ground further and again quartered. This process 
is repeated and the sample thus becomes smaller and smaller and 
simultaneously finer and finer. The alternation of grinding and 
quartering is continued until a fraction of suitable size is obtained. 
This material is then passed tlirough a sieve having 60 meshes to 
the inch. Any coal retained on the sieve is further ground until 
all has passed through. The whole is finally mixed thoroughly to 
obtain the laboratory sample, which weighs about 100 grams. 


Proximate Analysis. 

The type of analysis most commonly required is a * proximate ’ 
analysis together with the calorific value. Sometimes an ‘ ultimate ’ 
analysis is required, but in most cases this is of little importance 
to the user. The ultimate analysis means the determination of the 
composition of coal or other material in terms of its chemical 
elements, which in the case of coal are carbon, hydrogen, nitrogen, 
Sulphur, oxygen and also ash, although the ash, of course, is not an 
element. A proximate analysis is one which sets forth the composi¬ 
tion of the material on what is frequently a more rational basis, 
viz.y in terms of the compounds or groups of which it is composed. 
This at least is the formal meaning of the word. In coal analysis 
it is used in a loose sense, since it is not possible to determine 
the compounds present. The practical meaning in coal analysis 
is much less ambitious and in this case the proximate analysis means 
the determination of moisture, volatile matter, fixed carbon and 
ash. The volatile matter is the gas given off when the coal is strongly 
heated and fixed carbon is the coke remaining after deducting the 
amount of ash contained in the coke. 

The four items of the proximate analysis do not even in the case 
of moisture represent definite chemical entities. They should rather 
be regarded as .‘irbitrary figures, of which the values, for any given 
coal, are to a ( onsiderable ejetent depndejit on the details of the 
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method used, which should therefore be standardised as closely as 
possible. Moisture is generally determined by heating the coal to 
a definite temperature until it has a constant weight. In addition 
to the moisture, however, other losses may occur and on the other 
hand and more important there is a certain oxidation of the coal 
tending to an increase of weight and hence to an apparent reduction 
in the percentage of moisture. The determination of volatile matter 
is much more arbitrary, as the amount of gas given off when the 
coal is heated depends very largely on the temperature used and on 
the conditions under which the coal is heated. The ash of coal is 
also not a definite substance. It docs not actually represent the 
mineral matter originally present in the coal but this mineral matter 
after it has been altered by incineration of the coal. The quantity 
of ash obtained may therefore vary according to the method of 
ash determination employed. The fixed carbon, which is determined 
by difference, is naturally greatly affected by the variations in the 
other determinations. 

The proximate analysis of coal, as also the ultimate analysis and 
the determination of calorific value, may be carried out on the sample 
Moisture received, t.e., after sampling in the manner 

described (or in some analogous way) without 
drying. On the other hand it may be carried out on the dried sample 
or on the air-dry sample. All of these methods appear to the writer 
to have their disadvantages. The material frequently taken is the 
air-dry coal, but air-drying is not a very definite stage, since varying 
humidity and temperature affect the coal moisture content very 
considerably. At the Government Test House it is the practice to 
carry out all analyses on the dried coal, since it is considered that 
this gives the most consistent basis for analysis and is equally appro¬ 
priate for all types of analyses. The analysis of the same coal carrie d 
out at different times should therefore be comparable. For the 
same reason the moisture content is exhibited separately from the 
remainder of the analysis, which, therefore, totals 100 per cent, 
excluding the moisture. In carrying out the analysis the moisture 
is first determined. About two grammes of the powdered coal are 
weighed into a weighing bottle and heated in an air oven at a temper¬ 
ature of 106°C. until all moisture has been driven off. This requires 
about two hours. A modification of this method is required if the 
coal is exceptionally moist in order to prevent undue loss of moisture 
during the process of sampling. In this case the sample for the 
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Volatile matter. 


d^terisiaatioa oi moistwe may be taken at a muck earliw state of 
tbe grinding and must be proportionately larger. 

Tbe remainder of tbe proximate analysis is carried out on about 
one granvne of tbe dried ooal, which is weighed from a weighing 
bottle into a platinum oruoihle of about 30 
O.C8. capacity. The crucible is provided with 
a tight fitting lid> which is nearly closed, leaving only a small aperture 
for the escdpe of gas. The crucible is 6rst gentiy heated over a mall 
bunsen-burner flame. At the end of three minutes much stronger 
heating is applied by subjecting the crucible to the hottest part of a 
buqsen-burner * flame 7 inches in height. Some such procedure as this 
is found to be necessary if a process universally applicable is to be 
adopted. In some laboratories it appears to be usual to subject 
the coal immediately to the highest temperature used. This, however, 
frequently causes loss of coal through violent evolution of gas, some 
particles of coal being consequently carried sway. By div iding the 
heating into two stages, of which the first is relatively gentle, such 
complications are avoided with those coals that are apt to give 
trouble and it does no harm with the remainder. At the end of the 
second period of four minutes, the crucible is allowed to cool. The 
lid is removed and the film of carbon adhering to the lid deposited 
from the gas and a similar one on the side of the crucible are cauti¬ 
ously burned ofl. The crucible is then placed in a desiccator and 
when cold is weighed. The nature of the coke given is also examined 
at this stage. The crucible is now removed to a gas mufSe furnace 
maintained at a temperature of about 1,000°C. 
in which it remains until the coke has become 
reduced to ash. The crucible is again placed in the desiccator, 
cooled and weighed. This gives the percentage of ash, while 'the 
percentage of fixed carbon is obtained by deducting from 100 pet 
cent, the amount of ash and the amount of volatile matter. 


Fixed carbon and ash. 


Calorific Value. 

The calorific value of a coal measured in C. Q. S. units is the 
number of calories generated by the combustion of one giumme of 
ooal. The calorie is the amount of heat required to raise the temper¬ 
ature of one gramme oi water by one degree centigrade. Efinoe 


* The bnann-bmer used is ^ of an.boh la internal dtame^r. 
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the specific heat of water varies with the temperature of the water, 
the definition is not exact. The error arising in this way is, however, 
small and the difference is generally ignored. Measured in British 
units the calorific value is the number of B. T. U. (British Thermal 
Units) generated by the combustion of one pound of coal. The 
B. T. U. is the amount of heat required to raise the temperature 
of one pound of water by one degree Fahrenheit. The ratio of the 
calorific value expressed in calories to the calorifiK^ value expressed 
in B. T. U. is therefore the ratio of the degree centigrade to the 
degree Fahrenheit. Hence one calorie per gramme is equal to 1*8 
B. T. U. per pound. 

The calorific value of coal is generally determined in a bomb 
calorimeter. The ‘ bomb ’ consists of a strong sted vessel fitted 
with a detachable cover and a valve for the admission of oxygen. 
The cover carries two electrodes, one of which generally acts as a 
support for a crucible. The electrodes are carried through the 
cover in insulated bushes and are provided on the outside with 
screw terminals. Several types of bomb are used. In the Govern¬ 
ment Test House three calorimeters are used. Two are fitted with 
Mahler-Cook bombs and the third with a different type of bomb, 
which has, however, not proved very satisfactory for calorific values, 
although it works well for the estimation of sulphur in the manner 
described below in dealing with ultimate analysis. All bombs 
require to be lined with an acid resisting material in consequence of 
the formation of acids on the combustion of coal. The Mahler and 
Mahler-Cook bombs are lined with an enamel as distinct from the 
original Berthelot bomb which was lined with platinum. The third 
bomb mentioned is lined with gold. 

About one gramme of coal is used for the determination of calorific 
value. The portion of the sample used for this purpose is first 
compressed in a screw press and coheres to form a pellet which is 
placed in a small fireclay crucible. The crucible is then placed in 
position on the electrodes. A small piece of thin copper wire is 
attached to the electrodes and is placed in contact with the coal 
pellet. The cover is screwed into place and oxygen admitted through 
the valve until a pressure of 26 atmospheres is reached. The oxygen 
is obtained from cylinders of the type generally used. The valve 
is closed and the bomb is removed to the calorimeter. This is a 
cylindrical copper vessel enclosed in a protecting outer vessel. 
The arrangement is such as to reduce heat losses to the smallest 
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practicable amount. The copper calorimeter is not in contact with the 
outer vessel, but is supported on cork studs. Similarly the sides of 
the calorimeter are fitted with fibre distance pieces. The outer vessel 
is hollow and filled with water. It is covered on the outside with 
felt. The calorimeter itself is filled with about 2,600 grammes of 
water. 

When the bomb is in place wires from a battery are attached 
to the outer terminals of the electrodes and a cover is placed over 
the calorimeter. The cover is fitted with a stirring arrangement 
and holes for the electric leads and for a thermometer. The thermo¬ 
meter is placed in position and the stirrer started. Five minutes 
are allowed to elapse to establish thermal equilibrium in the system. 
After that thermometer readings are started and continued for a 
further five minutes at minute intervals. The change of tempera¬ 
ture during this time is small, but its measurement is necessary in 
order to establish the amount of cooling that occurs throughout the 
determination. At the end of the second period of^ five minutes 
the switch is closed and the current from the battery passes tlirough 
the copper wire attached to the electrodes. The copper burns in 
the oxygen and in turn ignites the coal. Readings of the thermo¬ 
meter are continued at half-minute intervals and after a short time 
a considerable rise is seen. At the end of a few minutes the temper¬ 
ature reaches its maximum and begins to fall slowly. Temperature 
readings are continued for a further five minutes after the maximum 
has been reached. All the data are now available for determining 
the calorific value. The total heat generated in calories is given 
by multiplying the rise in temperature of the water by the equivalent 
weight of the water present. The actual weight of water is about 
2,500 grammes, but in addition the temperature of the whole bomb 
and the inner vessel of the calorimeter has also been raised. To' 
allow for this the ‘ water equivalent ’ of the whole system must 
be added to the weight of the water. This equivalent is determined 
by burning fuels of known calorific value in the bomb. The weight 
of fuel taken multiplied by its calorific value and divided by the 
rise of temperature gives the total equivalent weight of water. 
Deducting from this the actual amount of water used, the water 
equivalent is obtained. 

The rise in temperature measured also requires correction. At 
the beginning pf the experiment the temperature of the water in the 
calorimeter may be slightly more or less than the temperature of 
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the room so that the water slowly rises or falls in temperature. At 
the end of the determination the water is normally appreciably 
warmer than the temperature of the room so that the temperature 
falls. In the course of the combustion there is smilarly a heat loss 
or gain. The value of the total loss of heat from this cause is cal¬ 
culated from the figures recorded. The method of calculation may 
best be seen from a specific example. 


Time 

minutes 









Temperature 

0 . 









. 1601 

1 









. 1-603 

2 . 









. 1-607 

3 . 









. 1-610 

4 









. 1-612 

5 . 









. 1-620 

Coal ignited 

6i . 









. 1-880 

0 









. 2-770 

GJ . 









. 3-190 

7 . 









. 3-302 

71 . 









. 3-350 

S 









. 3-360 

81 . 









. 3-367 

9 


• 







. 3*368 Maximum 

10 . 









. 3-360 

11 . 


• 







. 3-348 

12 . 


• 







. 3-335 

13 . 


. 







. 3-320 

14 • 


• 







. 3-302 

15 . 


• 







. 3-290 


In the first period of five minutes the temperature rises from 
rCOl'^C. to 1’620°C., giving an average of 0‘C)038"'C. per minute. As 
tlie correction is made for cooling this is taken as a cooling rate of 
—0*0038'’C, at the temperature of I’Cl'^C., i.c., the average of the two 
extremes. Similarly the cooling rate in the final period of five 
minutes is +0*0140®C. at the temperature of 3‘325^C. (i.e., the mean 
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of 3'360°0. and 3‘290°C.). During each of these periods of five 
minutes the rate of cooling is taken as constant, while for the inter¬ 
mediate temperatures the rate of cooling is taken from a graph. 
The graph, as shown below, is a straight line drawn between 
two points representing the two rates of cooling just oalcn- 
lated. 



TEMPERATURE 


The rate of cooling taken for each minute is that corresponding to 
the observed temperature at the half-minute. Thus during the 
sixth minute the observed temperature rises from 1‘620°C. to M70®C. 
and the effective mean is taken as 1’880°C., which is the observed 
temperature at 5| minutes. 
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The following correctiona are thus made:— 


Time 

minitles 

Observed 

temperature 

‘*0. 

Correction for 
one minute 
®C. 

Total 

correction 

®C. 

Oopfeeted 

temperature 

®C. 

0 

1-601 

nil 

nil 

1*6010 

1 

1-603 

-<H)038 

—0-0038 

1-5992 

2 

1-007 

—o-ooas 

—0*0070 

1*5994 

3 

1-010 

—00038 

—0*0114 

1*5980 

4 

1-612 

—OK>038 

—0*0152 

1*5968 

5 

1020 

—00038 

-0-0100 

1*6010 

6 

1-SSO (at Si) 

—0-001 

-0-020 


7 

3-190 (at Gi) 

+00125 

— 0-0075 

1 

8 

3-350 (at 7 J) 

+0-01-10 

+0-00C5 

1 

19 

3-367 (at 8i) 

+0-0140 

+0-0205 

• • 

10 

3-360 

1 +0<»140 

+0-0345 

3*3945 

11 

3-348 

+0-0140 

+0-0485 

3*3965 

12 

3-335 

+0-0140 

+04)626 

3-3975 

13 

3-320 

+0-0140 

+04/765 

3*3965 

14 

3-302 

1 

+0-0140 

+00905 

3*3925 

15 

3-290 

+04)140 

+0-1045 

3-3945 


The object of appl}dng the cooling correction is to elumnate 
any errors arising from heat entering or leaving the calorimeter 
and, therefore, if the temperature at each point could be determined 
with complete accuracy, it is evident that the six initial tempera¬ 
tures calculated would all be identical, as would also the six final 
temperatures. Actually they are not identical giving some measure 
of the error inherent in reading the thermometer. The error is, 
however, reduced by taking the mean of each series of tempetatuvas 
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so that the system of correction serves a double purpose. The 
calorific value is calculated as follows :— 

Mean of corrected final temperatures ..... 3’3963®C. 

Mean of corrected initial temperatures ..... 1 *5993*0. 

Rise . 1*7900*0. 

Weight of coal ...... 0*884 gramme 

Weight of water ...... 2,500 grammes 

Water equivalent. 780 grammes 

3,280 grammes 

Calorifio value. 3,280 X 1*796 gram calories 

0*884 

=3 0,664 gram calories. 

If the calorific value were determined without taking into consi¬ 
deration the cooling correction it would be G,486. In some cases 
the difference is greater than this, since the amount of the correction 
depends on the relative temperatures of the water in the calorimeter 
and of the atmosphere. 

Other corrections may be applied to the calorific value as deter¬ 
mined. The most important is that for the latent heat of steam 
formed by the combustion of the hydrogen in the coal. The calorific 
value determined in the manner described is sometimes known as 
tlic gross calorific value and that calculated by subtraction of the 
latent heat of steam is known as the net calorific value. This modi¬ 
fication is baaed on the difference between burning coal in the 
ordinary way and burning it in a closed vessel. In the latter case 
the steam formed is condensed giving out its latent heat, while in 
the former case it passes off as vapour. Corrections arc also some¬ 
times made for the lieat of formation of niti’Ogen acids and sulphur 
acids found in the bomb when the combustion is finished. 

The desirability of such corrections is open to doubt. Admittedly 
the calorific value of fuel burned under laboratory conditions differs 
materially from the practical calorific value. No corrections, how¬ 
ever laborious, can make the two identical and it seems better 
to accept the fact that the laboratory determination gives an arbi¬ 
trary value. It seems doubtful whether the practical value is more 
accurately assessed by making equally arbitrary corrections, which 
add greatly to the intricacy and expense of the determination. 

The type of thermometer used in the determination of the 
calorific values is of great importance. The thermometer must read 
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accurately to at least a hundredth part of a degree centigrade and 
should preferably be capable of being read to approximately a 
thousandth of a degree centigrade. The most suitable type of 
thermometer has been found to be the Bekmann. The scale of the 
Beckmann’s thermometer extends over 6 ®C. and can be adpisted by 
removing or adding small amounts of mercury to the column. For 
this purpose a device is contained in the top of the thermometer, 
consisting in effect of an enlarged portion of the capillary bore of the 
thermometer. If the thermometer bulb is warmed, mercury flows 
into this space; and if the thermometer is inverted and tapped, 
the thread is broken off at this point and on cooling, the thread 
retracts and contains less mercury than it did before. Conversely, 
if the thermometer is kept upright and the bulb allowed to cool, 
the thread will contain more mercury than it did before. The 
thermometer therefore, although of short range, can be used for any 
ordinary temperature. The readings recorded, however, are arbitrary 
and have no relation to actual centigrade degrees in the absolute 
sense, although a difference of one degree is approximately the same 
as a difference of one degree in the centigrade scale proper. The 
fact that the thermometer contains sometimes more and sometimes 
less mercury makes a small difference to the value of the degree 
which, however, can be allowed for. The only practical alternative, 
short of electrical thermometry, to the Beckmann’s thermometer 
is to have a set of thermometers, each of which covers only a short 
range of temperature. The thermometers ordinarily used in the 
Government Test House are Beckmann’s thermometers, which 
account for the apparently low temperatures shown in the example 
given. 

Ultimate Analysis. 

In the ultimate analysis of coal and of other organic substances, 
carbon and hydrogen are determined together by combustion. The 
combustion tube consists of a hard glass tube 
Carbon^and hydro- 35 inches long and IJ of an inch in internal dia¬ 
meter. At one end of the tube a blank space of 
about 12 inches is left and at the other end a blank space of about 
6 inches. In the remainder of the tube are placed copper oxide, made 
by the oxidation of copper wire, along 14 inches and lead chromate 
in granular form along 4 inches. These two materials are separated 
by a partition of oxidised copper gauze and similar partitions are 
placed at the other end of each. The combustion tube filled in 
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thk way is placed in a gas-fired combustion furnace having an 
effective length of 24 inches, so that about 6 inches of the tube 
project at each end. The furnaces used are fitted with 26 burners 
and each burner is independently adjustable. The furnace is fitted 
with fireclay tiles which can be brought forward to cover the tube 
or pulled back to leave the tube open. The combustion is carried 
out in an atmosphere of oxygen, which must be purified so as 
to remove from it any trace of water or carbon dioxide. The puri¬ 
fying apparatus consists of a wash bottle containing concentrated 
sulphuric acid, a calcium chloride drying tower, a large U tube 
containing soda dime and a second wash bottle containing concen^ 
trated sulphuric acid. Oxygen is passed from a cylinder through 
this apparatus and then through the combustion tube, so that the 
current flows first through the larger empty space of 12 inches, then 
through the copper oxide, the lead chromate, and finally through the 
smaller empty space of 6 inches. At the other end of the tube is 
attached an absorption apparatus. This consists of a U tube, con¬ 
taining calcium chloride and fitted with ground in glass stoppers and 
a potash bulb fitted with a guard tube. The potash bulb contains 
caustic potash solution, 16 granoLmes in 20 c.cs. of water. The guard 
tube contains calcium chloride and soda-lime. The function of the 
calcium chloride is to absorb the water formed and of the potash to 
absorb carbon dioxide. Finally, a second guard tube is used, filled 
with calcium chloride and soda-lime, in order to prevent any absorp¬ 
tion of carbon dioxide or water from the air. 

A blank determination is first made by heating the tube to the 
working temperature and passing oxygen through it. The tempera¬ 
ture is about 700°C. in the portion containing copper oxide and 
considerably lower in the portion of the tube containing lead 
chromate. The blank portion of the tube is not heated at this 
stage unless the tube is new. The absorption tubes are weighed 
before and after a run of about half an hour when no alteration of 
weight should be found. If the tubes have increased in weight 
they are replaced until two successive sets of weighing are 
substantially identical. A small quantity of the powdered coal, 
about 0*l6 gramme, is weighed into a porcelain combustion 
boat. This is placed in the blank portion of the combustion 
tube and the purifying train is again attached. The burners in 
this portion of the tube are at this stage not lighted. After the 
coal has been introduced, the end burner nearest the puri- 
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Ash. 


fying train ia lighted causing a current of hot oxygen to pass over 
the coal. The other burners are subsequently gradually opened 
so that combustion of the coal goes on progressively. Finally, the 
tiles over this portion, which at first were open, are closed and the 
apparatus allowed to remain in this condition until about 15 minutes 
after'^the combustion is completed. The absorption tubes are then 
detached, cooled and weighed. The residue in the boat gives the 
weight of the ash. In this determination the carbon is partly burned 
directly in the oxygen and is partly oxidised in the layer of copper 
oxide which deals with any carbonaceous fumes given ofi by the 
coal. The function of the lead chromate is to absorb sulphur com¬ 
pounds, which would otherwise be retained in the caustic potash 
and weighed as carbon dioxide. 

It is a matter of interest in connection with the point previously 
mentioned regarding the arbitrary nature of the ash content of 
the coal, as determined by proximate analysis, 
that the ash given in the proximate analysis 
and the ash given under entirely different conditions in the ultimate 
analysis are generally appreciably different. 

For the determination of nitrogen, one gramme of coal, 10 
grammes of potassium sulphate, 0*5 gramme of copper sulphate and 
30 c.cs. of concentrated sulphuric acid are 
tro^. heated in a Kjeldahl flask. The coal is thus 

decomposed and the nitrogen in it converted into ammonia. When 
decomposition is complete the contents of the flask are diluted with 
water and transferred to a 1,000 c.c. flask. About 100 cubic centi¬ 
metres of a 50 per cent, solution of caustic soda are added and the 
contents of the flask distilled. The vapours given off pass through 
a trap to prevent liquid being carried over and then to a vertical 
condenser. The lower end of the condenser dips into 25 c.cs. of 
^ sulphuric acid. Ammonia, set free by the action of caustic soda, 
distills and is absorbed by the sulphuric acid. At the end of the 
distiUation the sulphuric acid is titrated with 2 caustic soda solution 
in order to determine the amount of acid remaining and hence that 
absorbed by the ammonia. 

For the determination of total sulphur, one gramme of coal is 
mixed with 6 grammes of Eschka’s mixture, consisting of tw'o 
parts of magnesia and one part of sodium 
carbonate. The mixture is placed in a 30 c.c. 
platinum crucible and one gramme of Eschka’s mixture spread over 
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the top. The crucible is supported in a silica plate having a circular 
hole cut in the centre. This is in order to avoid the absorption of 
sulphur from the gas flame. The crucible is then heated from the 
bottom with a bunsen-burner at first gently and then more strongly 
until the carbon has been burned out. The contents of the crucible 
are cooled and extracted with water. To the aqueous solution 
bromine water is added and then hydrochloric acid. The solution 
is then boiled and 26 c.cs. of a 10 per cent, solution of barium chloride 
are added. This precipitates barium sulphate in proportion to the 
sulphate present. A blank determination is necessary in this process 
to allow for sulphur present in the reagents. The sulphur thus 
obtained represents the total sulphur in the coal, whereas some of 
this is already accounted for in the ash. It is therefore necessary 
to determine the amount of sulphur contained in the ash and to 
subtract this from the total sulphur in order to obtain the volatile 
sulphur. 

Sulphur can also be determined by igniting coal in a bomb 
calorimeter. The bomb is washed out and the washing treated 
generally in the manner just explained. In the writer’s experience, 
however, this method, although sometimes recommended without 
reservation, is entirely illegitimate with certain bombs which are 
lined with enamel containing sulphur. It is not of course possible 
to say that all enamel lined bombs are open to this objection, but 
it is wise to regard them with suspicion. 

There is no direct method of determination of oxygen. This 
amount is found by difference, i.e., by deducting 
the sum of the other constituents from 100 
per cent. 
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NtW FOSSIL LOCALITIES WITHIN THE PANCHET SERIES OF 
THE Raniganj Coalheld. By E. K. Gee, B.A, 
Assistant SuperintendenU Geological Survey of India. 


W ITHIN the Bouthern part of the Raniganj coalfield, Bengal and 
Bihar and Orissa, to the east of the Barakar river, rocks of 
the Panchet series crop out over wide areas. The series comprises 
a basal zone of khaki-green shales with hard calcareous bands, 
interbedded with medium-textured, yellow, felspathic sandstones; 
these beds pass upwards into the upper Panchets, which include 
yellow-grey and grey, soft, micaceous sandstones, with dark-red 
and occasional light-coloured clays intercalated. The basal beds, 
now designated by Dr. C. S. Fox, the Maitur stage, are from 250 
to 300 feet in thickness and rest with a slight imconformity on the 
Kumarpur fossil-wood sandstones ^ of the uppermost part of the 
Raniganj beds. Numerous plant remains are found in the upper¬ 
most horizons of the Raniganj beds. 

In the case of the Panchet series of the Raniganj coalfield, how¬ 
ever, only within this lower zone of khaki-green and yellow-coloured 
sediments, and at only one locality,—Maitur, 
Asansol,—had identifiable plant-fossils 

been discovered, previous to the recent geo¬ 
logical re-survey. This solitary find, on which the whole of the 
Panchet flora has been based, was made by Mr. W. T. Blanford 
in the course of his examination of the coalfield during the years 
1868-60, and a description of the occurrence is included in his 
memoir on that area.* The name of the village of Maitur has, 
apparently, fallen into disuse and is not included in the more recent 
topographical maps. The locality at which the fossils were dis¬ 
covered by Blanford was within the lower Panchet outcrops of the 
Nonia river in the vicinity of the bend due east of Kumarpur 
(86® 66'; 23® 41' 60'"), that is to say, about half-a-mile northeast of the 


» J?«c. OeoL Surv. Ind„ Vol. LX, pt. 4, pp, 36M66, (1928). 

•ifffH. QeoL SMfV. VoL IJI, pt, 1. pp. 1^9.180, (1886). 

9 
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Asaasol laspoofcion bungalow. These fossil-plants were later described 
by Dr. Feistmantel,^ and include the following types :— 

Schizoneura gandwanensis. 

Pecopteris cat^cinna. 

Cydopteris pachyrhaohis. 

Oleandridium. 

Olossopteris indica, 

Samaropsis. 


In addition to these plant-fossils, Blanford discovered the re¬ 
mains of the entomostraoean Estheria in these beds, and, within 

^ ^ ^ ^ the higher Panchet strata exposed in the 

The Deoil bone-bed. ® i i ^ ta j • • -x -xu 

southern bank of the Damodar river just north 

of the village of Deoli (86° 53' lb'"; 23° 38' 50"), a bone-bed was 
found, ‘containing detached, and, frequently, rolled bones, verte¬ 
brae, and fragments of jaws with teeth.'* These vertebrate fossils 
have been described by Professor Huxley,* and include various 
Labyrinthodonts and Dicynodonts, indicative of a lower Triassio 


age. 

It is very probable that, within recent years, the Nonia river 
has silted up considerably in the plant-fossil locality of Maitur, so 
that, in spite of a careful search by the late Rao Bahadur S. Sethu 
Rama Rau and /nyself, no additions to Blanford's collection were 
discovered. 

During the early part of the field-season, 1928-29, however, 
during a somewhat hasty examination of the Panchet strata of the 

The louil loctlIHe* of Raniganj field, to the south of the D*modar 
Alkusa and Kakhra* river, I was fortunate enough to find Panchet 

fossils at two* localities. These included :— 


1. Plant fossils (Reg. No. K-26'140-144) in the southern' bank 

of the Mosikadna jor, just south of the village of Alkusa, 
(86° 61' 30' ; 23° 38' 46'). 

2. Pish scales, etc., (Reg. No. K-26-133-140) just northeast 

of the large tank, situated 660 yards southeast of 
Kukhrakuri village, (86° 68' 40' ; 23° 36' 55'). 

The strata of the former locality include soft, micaceous, yellow- 
green shaly sandstones and shales of the basal Fanchets, an horizon 


* Pal. Ind., Ser. XII. Vol. Ill, pp. 39-40. 

•Mvn. Geol. Sun. Ind., Vol. Ill, pt. 1. p. 129, (1869). 

• Pal. Ind., Ser. IV, Vol. I, pt. 1. 
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similar to that of Maitur. On account of the nature of the matrix 
the leaf impressions are indistinct in detail, though they definitely 
include species of Oloasopteris, (probably two species), and Schi- 
zoneura. 

The Kukhrakuri locality includes strata of a slightly higher hori¬ 
zon than those of Alkusa, though still belonging to the green shale 
and sandstone stage of the lower Panchets. The fossils were found 
within a thin band of greasy, grey shale intercalated within 
these strata, and in addition to the above-mentioned fish-scales, 
etc., badly-preserved plant-fragments, partially carbonised, were dis¬ 
covered. On account of the possible importance of these fossils, 
in fixing the age of the Panchet beds, the specimens were 
forwarded to the British Museum (Natural History) for examination. 

According to Dr. E. I. White the only identifiable specimens 
in the collection received in London belong to the Palseoniscid genus 
Amhlypterus^ fishes which lived in the lakes and rivers of Carbo¬ 
niferous and Permian times. Their occurrence in the basal Panchet 
(Maitur stage) gives these beds a strong Palaeozoic aspect and 
suggests a Permo-Triaasic age for the Panchet series. Their dis¬ 
covery and identification adds yet another piece of evidence in 
support of the official opinion that the Raniganj beds below are of 
Permian age. The floral relationship of the Raniganj and Panchet 
beds further justifies the inclusion of the Panchet strata in the Lower 
Gondwana division. Finally these factors—the Palaeozoic aspect 
of these fish remains and the Damuda affinities of the plant remains 
—supply almost a final argument against a tripartite sub-division 
of the Gondwana system and confirm our conviction of the correct¬ 
ness of the two-fold classification recognised by*the Geological Survey 
of India since 1879. 


c2 
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AN UNDESCRIBED SPECIES OF Qlletie FROM THE PEGU 
BEDS OF Burma- By B, B- Gupta, F.G.S., Assistant 
Superintendent Geological Survey of India. (With 
Plate j.) 


Cyllene vredbnburoi, n. sp. 

(PI. 6, figs. 1, la, Ifr.) 

Description. —Test small, elongate oval; whorls ornamented 
with axial ribs. Body whorl large. The axial ribs in the body 
whorl crossed by faint radial furrows, producing a somewhat can¬ 
cellated appearance. The posterior portion of the body whorl is 
gradually sloping towards the suture. There are three spiral fur¬ 
rows in the slope, cutting the axial ribs, which are slightly wavy. 
Aperture oval. Outer lip oblique, with plications. Inner lip callous. 
Anterior columellar margin with six plications, placed almost at 
equal distances from one another. The distance between the second 
and third plications (coimting from the posterior side) is slightly 
greater. The second and third plications are also thickened and 
slightly bent at their outer extremity. 

Remarks. —The late Mr. Vredenburg recorded (Rec, Geol. Surv. 
Ind.f Vol. LV, p. 68) two species of Cyllene from the Pegu beds of 
Burma, of which one having collapsed only one, C. pretiosa^ Vred., 
was figured (Rec. OeoL Surv. Ind., Vol. LV, p. 69, PI. 2, fig. 2). 

From the description-of the destroyed specimen (Rec. Geol. Surv. 

Ind., Vol. LV, p. 68, foot-note) it does not appear to be identical 

with the present species. I have compared it with C. pretiosa, Vred., 
from which it differs in ornamentation, which is much finer in 
C. pretiosa ; the radial and transverse grooves in Vredenburg’s 

species are almost of equal strength, while in the species here de¬ 
scribed, the transverse grooves are stronger than the radial ones. 
They differ also in the number of plications in the columellar margin 
and in their disposition—the number of plications in Vreden- 
burg’s species being eight, of equal strength and placed at equal 
distances from one another. 

The shell bears some resemblance to C. varians, Uossm. from the 
Pliocene of Earikal (foum. de Conch., LI, 1903, pp. 134-136, pi. VI, 
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figs. 18-20). The Burmese species here described differs from it 
in that the slope on the posterior side of the body whorl of the 
Burmese species is gradually sloping towards the suture^ while in 
the Karikal species there is a sudden descent, whereby something 
like an angle is formed between the slope and the rest of the body 
whorl. The most posterior radial rib of the body whorl, e.g., that 
next to the suture, in the Burmese species, is also slightly raised 
above the suture line, which does not seem to be the case in Goss- 
mann’s species. The number of spiral furrows in the slope in the 
Burmese species is less than those in the species from Karikal. 

The specimen is incomplete, wanting its apical portion. 

Locality .—The specimen was obtained from the stream half a 
mile above Myaukmigon. 

Formation .—Pegu beds. 

Collector. —^Mr. A. H. M. Barrington, Conservator of Forests. 
Hlaing Circle, Burma. 


EXPLANATION OF PLATE. 

Fig. 1 .—OyUtne vredenburyi, n. sp. Nat. sixe. 

Fms. la, 16. —OyUene vredetUntryi, n. sp. x 3. 
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Two NEW SPECIES OF Uftio. BY B, B. GUPTA, 
Assistant Superintendent^ Geological Survey of 
India. (With Plate 5.) 


I N recent years, there have been several notices of fossil Unionids 
from Burma, among which some ribbed varieties of Irra- 
waddian age have been described (Rec. Geoh Surv. Ind.^ Vol. LI, 
pt. 4). During the field-season, 1927-28, I collected some from the 
Pegus. The shells are very fragile and it was with the greatest diffi¬ 
culty that I was able to collect some fit for description. 

Simpson and Ortmann have recently revised the classification 
of the Unionids, basing their researches on the differences existing 
in the soft parts, more especially the marsupial apparatus of the 
shell. As the shape of the shell is not at all correlated with the 
natural divisions indicated by the structure of the soft parts, this 
system cannot with certainty be applied in the case ol fossils.^ 1 
have, therefore, used the more comprehensive term ^ Unto ^ in 
preference to generic names like ‘ Noduluria^^ Con. or * Indonaia,^ 
Prashad, which were instituted by their authors from a study of 
the soft parts of the animal. I must admit, however, that the 
external characters of the Pegu shells suggest their relationship 
with the recent genera mentioned above, especially with the genus 
‘ Nodvlaria' Con. and more particularly with the species N, cris- 
patay Gould. • 

The shells under description are characterised by very strong 
ribs, which cover the whole of the disc or a greater part thereof. 
The ornamentation is more or less of a similar nature, and with the 
exception of one, almost all the shells appear to belong to the same 

* Zittel—Text book of False ontology, 2nd edition, (English) (1013), p. 454. 

* In his paper * Studies on the anatomy of Indian Mollnsca' (Etc, Ind, Mvs,, Vol. 
XV, p. 147), Dr. Baini Prashad remarks, * It is to be expected that the stmotnre id the 
ani^l in &e other Indian speoies hitherto assigned to the genus Nodularia ** would 
be similar, and the genus ** fndonaia ** would therefore inolnde all the speoiee described 
by Preston (Fauna of British Indian MoUnsoa, pp. 135-146); consequently N* onspata^ 
Gould, with which the Burmese shells appear to be related, is to be regarded as a spMiei 
"of ** Indonaia^^ Prashad. It may be noted that several foMdl species of Vn/io from India 
and Burma have been assigned to this genus. (Vide Bee. QtU. Burv. Jnd,, Vols. U, 
LV, LX).» 
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species. They were all collected from a clay bed in the Lawin 
chaung^ 2 miles S. E. of Saingde (22^ 31'; 94^ 30' app.V 


Description of species. 

Unio EDwnn, n. ey 
(PL 5, figs. 2, 2a. 

Shell ovato-subtrigonal, thick, inflated, rounded anteriorly, slightly 
elongated behind, with a narrow posterior wing. Umbos ante¬ 
riorly situated, somewhat compressed. Base line gently curved up 
behind to meet the posterior ridge, which is fairly developed. The 
hinge is partially preserved in one otherwise incomplete specimen, 
which shows two pseudo-cardinals. 

Shell boldly sculptured by coarse radial, rather closely-set, ribs 
running obliqtiely downwards from the posterior ridge and, before 
they reach the centre of the disc, they diverge upwards forming a 
V-shai)od sculpture and bend downwards again and either make a 
simple gentle curve as they approach the anterior margin or break 
up into granulations exhibiting a zig-zag outline. 

The radiating ribs do not cover the whole of the disc, but end 
a little above the ventral margin, where a few concentric lines are 
seen. The ribs, which are not of uniform thickness throughout, 
are seen to be traversed by fine concentric striae which likewise 
mark the concave grooves between those ribs. In some specimens 
ribs are seen to send off branches to anastomose with their neigh¬ 
bours. 

Dimensions ,—The figured specimen is 25 mm. long and 19 mm. 
high. A second specimen measures 27 mm. long and 21 mm. high. 

Remarks .—The shell, which is named after Sir Edwin Pascoe, 
Director, Geological Survey of India, has some resemblance to 
Indonaia gly^UM^ Vred. and Prashad {Rec. Geol. Surv. Ind., Vol. LI, 
p. 372) from the Irrawaddian formation of Burma. The Pegu sheUs 
are, however, smaller, and are relatively higher than the other. 
In tJ. ediviniy the marks of ornamentation persist down to several 
layers of the shell, but in I. glyptica they do not so persist. V . yer- 
corrugatay Whittf. from the Laramie group (Bull. Jm. Mus, Nat. 
Bist.y Vol. XIX, 1903, pi. XL, figs, 3 and 4) has somevhat similar 
sculpture, but they differ in details. 
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Umo BDWnn, n. sp. var. 1. 

(PI. 5, figs. 3, 3a.) 

The ornamentation oi the shell referred to this variety differs 
from the type, in the V-scnlpture ending about half way between 
the beak and the ventral margin. Here we see a slight concentric 
depression in the shell. A criss-cross ornamentation formed by 
anastomosing ribs is seen to extend from here to a little above the 
ventral margin where concentric lines are seen. The length and 
height of the figured specimen are 22 mm. and 17 mm. respectively. 
There is another specimen which measures 20 x 19. This is rather 
abnormal. 


Unio BDWim, n. sp. var. 2. 

(PI. 6, figs. 4, 4a.) 

In this variety the radiating ribs are stronger and not so numer¬ 
ous as in the type specimen. There is also a little difference in the 
disposition of the ribs. On following them from the posterior side, 
they are seen to run obliquely downwards towards the centre and 
then to pass upwards for some distance as in the type, but then they 
bend downwards for a brief space and then upwards again for some 
distance before they make the curve which approaches the anterior 
margin. The specimen measures 24 x 17 mm. 


Unio FHiaBim, n. sp. 

(PL 6, figs. 5, 5a.) 

Detoription. —Shell small, rather elliptical, inflated, umbos ante* 
riorly situated, somewhat compressed. Posterior ridge not well 
marked; rounded anteriorly. The whole of the disc is ornamented 
by zig-zag radial ribs covering almost the whole of the disc; nf>%r 
the ventral margin, the disc is ornamented with two or three oon- 
centric lines. The radial ribs and the concave furrows between thom 
are marked with fine concentric striae. The shell is 
measuring 19 X 14 mm. 

Bemarks. —^It is to be distinguished from V. edwini not only by 
its shape, which is ellqrtioal, but also by the radial zig-zag ornamenta¬ 
tion. This shell is named after Dr. Q. £. Pilgrim, Pabsontologisti 
Qedogioal Survey of India. 
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EXPLANATION OP PLATa 

Fio. 2« — Unio ^dtoinif n. sp. (Type ^peohnen). Bight valve. Nat. Size. 

Fio. 2a.— Unio edwini, n. sp. (Type Speoimen). Bight valve, x 2. 

Fig. 8. — Unio edwini, n. sp. var. 1. Bight valve. Nat. size. 

Fio. 3a.— Unio edwini, n. sp. var. 1. Right valve, x 2. 

Fig. 4. — Unio edwini, n. sp. var. 2. Left valve (with right valve attached). 
Nat. size. 

Fig. 40.— Unio edwini, n. sp. var. 2. Left valve (with right valve attached). 
X 2. 

Fig. 6. — Unio pUgrimi, n. sp. (Type specimen). Nat. size. 

Pig. 5a.— Unio pUgrimi, n. sp. (Type speoimen). X 2. 

Fig. 6. — A broken specimen of U» edwini showing pseudo-cardinals, x 3. 

Fig. 7. —(7. edwini, n. sp. showing anastomosing branches of ribs, x 3. 

Fig. 8. — U. edwini, n. sp. showing the umbones and the ligament. Nat. size. 

Fig. 9. — U. edwini, another speoimen, showing the umbones and the ligament 
(partly). Nat. alsa. 
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INTRODUCTION. 


S ystematic observations of the snouts of glaciers in the Hima¬ 
laya were first carried out by members of the Geological Survey 
of India in the year 1906. Marks were cut deeply into the rocks ad¬ 
jacent to the snouts of certain glaciers, and observations recorded 
concerning their recent movements. Some of these snouts have 
been since re-visited by travellers interested in the questions in¬ 
volved, and others have been seen and marked. But even now there 
is but little evidence upon which to draw conclusions, for travellers 
do not yet realize the importance of exact observations. It is 
hoped by the publication of these notes to draw attention to the 
more important questions, and to encourage future travellers to 
record more carefully the observations they may make. 

Of the 34 glaciers noted on in the following pages, four were 
observed by the late Sir Henry Hayden in 1906. They are the 
Hispar, the Yengutsa, the Minapin and the Hasanabad; all of 
these are in the Hunza-Nagar region. Others examined about the 
same time, but not falling in the present investigation, are the 
Hinarche and Barche of Bagrot; the Sonapani, the Bara Shigri and 
the Perad of Lahul; and the Pindari, the Milam,.the Shankalpa 
and the Poting of Kumaun. Since Hayden’s results were published 
in Records of the Geological Swrvey of India^ VoL 36, travellers' 
observations have been recorded in various publications, and are 
not always easy to find; while some, notably those of Captain 
Bridges in the Shingshal valley, have been buried in official files. 
It is possible that others may still lie waiting to be exhumed from 
some private or Government necropolis. 

A most important contribution to the subject has recently been 
made by Mr. Ph. C. Visser, as the result of his two Karakoram 
expeditions of 1922 and 1925. In a detailed paper in Zeitechrift 
fur 6Hetecherkunde, Vol. XVl, pts. 3/4, 1928, he has given his observa¬ 
tions of no fewer than 18 of the glaciers described in the following 
pages. As far as his own explorations were concerned, he has 
studied the factors bearing on glacier movement, and drawn his con¬ 
clusions. 1 am indebted to Dr. W. A. K. Christie, of the Geological 
Survey of India, for his admirable translation o/ the more important 
parts of this valuable paper, which 1 have used freely in my com¬ 
pilation of these notes. It is to be hoped that Mr. Visser will have 
as important a contribution to make on Karakoram glaciology 
after his present expedition (1929). 



Pabx 2.] 


Mason : Glaeiers of ike Karakoram. 


217 


The mout of a glacier^ or its lower extremity, is that point 
where the melting caused by the increased temperature of lower 
altitudes balances the supply of ice from above. 
^ "cterwoutf^* ***' therefore be readily understood that 

the position of a glacier snout is poised, as it 
were, between these two main factors, and that the slightest change 
in either may upset the balance and lead to a variation of the level 
of the snout from time to time. 

If local characteristics, peculiar td each glacier,, such as the 
size and nature of the n4v4 region, the slope of the bed, the width 
and direction of. the outlet valley, could be 
Secular variation. ignored, we should expect all glaciers in a 

particular region under the same climatic conditions to reach down 
to the same altitude above sea-level. If then the supply of ice from 
above remains the same, and a general increase of temperature 
occurs, melting and waste of the ice will increase, the glaciers will 
degenerate and their snouts will recede equally. If the tempera¬ 
ture falls, the snouts will advance equally. If a definite change of 
climate occurs, and an equal increase or decrease of snowfall results 
in the area of each glacier, then all will ultimately advance or retreat 
to the same extent. Such secular changes in temperature or climate 
lead to what are known as secular movements of the snout. They 
will be distributed over long cycles of time. 

Conversely, if we consider these two factors alone, and if we 
can measure the secular movements of glacier snouts, we should 
have a measure of secular climatic change, either of snowfall, or 
of temperature, or of both. We should be able to decide whether 
there is a definite recession of the snow-line ; whether the climate is 
getting warmer or colder; whether the region is becoming more or 
becoming less habitable by man. By comparing our cmiclusions 
with those obtained in other parts of the world, we might discover 
whether the secular change is world-wide, or merely regional, and 
whether we are moving nearer to another ice-age, or still receding 
from the last. In this connection it mui^ be remembered that 
scientists are not yet convinced that the evidence of a uniform 
Eurasian Ice-age is conclusive. 

Were the problem as simple as this, we could regard glaciers 
as Nature’s secular barwieters, laid on the bosom of the earth, to 
warn men of the future. Except at the time of change from one 
to the other, all glaciers of a region should be advancing secularly 
or retreating secularly at the siwe time. 
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Periodic viriation. 


Un{(Mrtun£vteIy there are iiUHiy oomplioatiitus. Besides theseoolar 
ohange in climate, there may be periodic ehange, due to short 
periods of climatic variation. These short 
periods may be related to the Bruckner cycles. 
But the observations at the snout can only indicate such cycles and 
not the actual time of climatic variation, for no two glaciers are 
identical, and there is no standard by which we may compare 
them. The ratios of their regions of supply to. their regions of waste 
vary between wide limits. Some glaciers, lying in broad open 
valleys with a north-south direction, are exposed for long periods 
of the year to a hot sun; others, enclosed in narrow valleys with 
steep walls, may never see it. Some may be subject to thaw by 
rain in their lower reaches in summer-time; others may be in an 
arid region where there is much evaporation and almost no rainfalL 
Some may lie on steep, hard, rocky beds; others on soft ground 
at a gentle slope. Some may be enclosed by great slopes of n6v4, 
or have at their head great basins above the snow-line, which form 
an unending reservoir of ice; others may be enclosed by rocky 
walls, which supply little but rock. Between all these extremes 
there is every combination of factor and circumstance, so that a 
small change of climate may cause marked fluctuations in the snput, 
smothering all secular movement, and vitiating all secular observa¬ 
tions. 

‘ Not only are there these complicated physical factors affecting 
the glacier itself, but there are so many complications of climate, 
that it is surprising that the snout movement of any glacier should 
reveal the periodicities or phases of climatic variation until many 
oenturies of observation become available. The amplitude of all 
the different periods of climatic variation, of which the existence 
and significance have been apparently proved, are small in com¬ 
parison with the irregular or haphaz^ variations in weather. 
By compounding all the known and apparently significant periods 
of past climate, as is done for tidal prediction, we do not, un* 
fortunately, arrive at a fc^ecast of coming changes, because the 
irregular variations are too powerful. 

These complicated factors affect the periodic movements of 
the snouts of glaciers in a very marked manner. Ultimately the 
movements are due ^ climate and snowfall but the factors are so 
varied that the snout movements appear to be peculiar to each 
particular glacier. There may be little resemblance between the 
periodic movement in neij^ibouring gUciers of a laege^ even if, 
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tl^ey hiave the same exposure; sometimes there is no similarity 
between the periodic movements in two branches of the same com-* 
pound glacier; and occasionally one .side of a glacier tongue may be 
advancing while the other retreats. Such anomalies are generally 
the result of compound glaciers or of important tributaries joining 
the main glacier near the snout. Yet in spite of all these factors, 
the actual periodicity of single glaciers may be approximately the 
same, provided it is not obscured by seasonal or accidental causes, 
even though they may be out of step. 

Ablation is the term used to denote the superficial waste of a 
glacier by surface melting or evaporation, which eventually deter¬ 
mines the position of the snout. Ablation occurs mainly by the 
agency of the following factors: (1) the direct rays of the sun, (2) 
radiation from barren valley walls, (3) erosion by running water, 
(4) conduction of heat through moraine material, (5) contact of 
warm air and radiation from moist air and low clouds, (6) evapora¬ 
tion, and (7) rain. The greater the surface exposed to these factors 
in the area below the snow-line, especially during the summer, the 
greater will be the wastage and the greater the altitude of the snout 
above sea-level. 

The region above the snow-line on any glacier is its region of 
supply; below the snow-line is the region of waste. Yet during 
I colder months of the year on most glaciers 

asona va a on. jg constant supply and little waste tak¬ 

ing place right down to the snout. In the depths of winter all 
precipitation feeds the glacier as snow, the sun has little power, 
radiation and conduction are consequently negligible, rain and run¬ 
ning water non-existent. We may thus expect a seasonal advance 
in winter, a seasonal retreat in summer. The summer retreat is 
usually accompanied by a flattening and temporary degeneration 
of the snout. 


In the winter and spring we should expect a steep-fronted clean 
glacier, the white ice conquering the englacial moraine ; in summer 
and autumn the sun and rain flatten the silout by melting, and 
englacial moraine comes to the surface. These signs are normal 
seasonal signs; they are often wrongly adduced as evidence of 
secular or periodic movement. In reality they are normal if the 
secular and periodic movement are nil. It is only when a glacier in 
summer shows a steep’^fronted end, or in winter a flattened one that 
we can use this evidence *for periodic or secular advance or retreat. 
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Accidental variation. 


There is a further oomplioation which may be termed aeoidentai. 
The efEeot of avalanches is partly periodic, partly seasonal and 
partiy accidental. A glacier may suddenly 
overcome an obstacle in its path. An earth* 
quake may cause a considerable accidental advance, and a ^ dead ’ 
end may be detached from the living ice. On steep hanging 
glaciers large masses may be detached from no apparent cause. Such 
dead ends must for a time be below the point of balance between 
supply and waste, and must gradually melt and disappear. These 
accidental advances will entirely vitiate all observations for secular, 
periodic or seasonal movement. 

Thus we may look on glaciers as barometers for secular move¬ 
ment, and as thermometers for periodic, seasonal and accidental 
fluctuation, and, as may be imagined, the problem of resolving 
glacier movement into its various components, secular, periodic, 
seasonal and accidental, is extremely complicated. The more 
glaciers we can examine in a given area, the more likely we are to 
form a correct conclusion. Every glacier in a region should be 
studied, for there are few that will not teach us something. Their 
peculiarities should be studied before we can even say which are 
likely to give us the most information, and all observations should 
be made with such care that no doubt exists concerning their accu¬ 
racy. To be absolutely certain, observations should be made against 
marks cut in rock in situ, as advocated by Sir Henry Hayden. 

It has been stated that secular movement is important from 
the point of view of climatic change. Periodic movement is res¬ 
ponsible for glacier blocks and sudden cata- 
Conditions lavonring clysms due to bursting glacial dams. Seasonal 
and accidental changes are less disastrous ex¬ 
cept to those living in the immediate vicinity of the snout. For¬ 
tunately, we are already able to define approximately those glaciers 
in which secular and periodic movements are least likely to be 
smothered by each other and by other movements. I believe that 
secular movements preponderate and periodic, seasonal and acci-* 
dental movements are least effective in large longitudinal valley 
glaciers, with a small ratio of supply area to waste area; in glaciers 
which flow in broad straight valleys with a general east-west direo 
tion; where the slope of the glacier-bed is gentle and even; where 
the tributary glaciers are open, exposed and with gentle even 
becU, ai^ l^jther they nor t^ lo^er reives of the main glaoief 
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are subject to large avalanches ; and where such tributary glaciers 
have small areas compared with the main glacier, and enter not 
too near the snout. These secular movements can then be 
measured when the snout itself is not subject to erosion by its 
own or another stream. 

Applying these theories to the thirty-four glaciers investigated 
in this paper, and shown on the accompanying charts, which illus¬ 
trate the positions of their snouts as far as we 

Qlaclers showing secular know them, the following most generally bear 
movements. , i... ; i i. 

out the conditions of secular movement. 

None of course are perfect, but I believe in most cases the move¬ 
ment, if any, is mainly secular. Without reference to their observed 
movement, I placed them according to the above conditions in 
their order of suitability: - 

(1) The Ilispar (No. 1). 

(2) The Baltoro (No. 22). 

(3) The Siachen (No. 23). 

(4) The Rimo (No. 28). 

(5) The Virjerab (No. 15). 

(G) The Pasu (No. 7). 

(7) The Biafo (No. 20). 

(8) The Batura (No. 8). 

(9) The Mamostong (No. 24). 

Observations are as yet very scanty and incomplete and it must 
be remembered that those of last century were rarely made with 
any scientific motive. Nevertheless, as far as we can say at present, 
all of these are either stationary or in very sbght secular retreat, 
except the Biafo {see chart). This glacier is peculiar; its basin is 
complicated by a vast accumulation of n^v6 in the snow-lake at 
its head, which gives a ratio of supply to waste of 3:4. This, as 
will be seen below, is, I believe, one of the main factors of periodic 
fluctuation, for even comparatively small periodic changes in the 
supply area are magnified to such an extent that they show marked 
changes at the snout. There are minor factors which also make 
for periodic fluctuation in the Biafo glacier; its general direction 
is south-east and its south-western wall is broken. 

The Hispar and Baltoro glaciers are to my mind as nearly perfect 
for secular observation as we are likely to find anywhere, in spite 
of the entry of large tributary ghwiiers not far from the snout. The 

D 
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Siachen Bows too much in a north-south direction, and its snout 
may be subject to a variable seasonal factor due to rain and radia¬ 
tion, and to periodic variation from radiation from the barren rock 
walls on to the crevassed broken surface of the lower reach. The 
Rimo is, I believe, mainly transverse, but has a low gentle fall; 
it also is complicated by being markedly compound, two large 
branches meeting near the snout; nevertheless it seems to be fairly 
steady and to show slight secular retreat. The Virjerab must, 
from Visser’s description, be subject to periodic and seasonal varia¬ 
tion, due to irregular supply, to the intense sun heat, to radiation 
and to conduction through the mass of moraine and debris that 
covers the ice completely for a long distance from the snout; it is 
most important, in glaciers of this description and liable to great 
seasonal change, to note the month and date of observation. Yet 
the ratio of supply area to waste area is extremely low, and this 
condition seems to magnify its secular retreat. The slope of the 
Pasu glacier is steep for a longitudinal glacier, and periodic move¬ 
ment is therefore magnified; observations have been unfortimate 
on this glacier and the early ones are unreliable ; the condition of 
the moraines seems to indicate periodicity, but no signs of advance 
have been noted recently; the ratio of supply area to melting area 
is very low, the glacier being mainly fed by avalanches, and it 
may be that the retreat now observed is truly secular and not 
periodic. The Batura terminates in the Hunza river, which erodes 
the snout considerably, and all movement is hidden; but there 
are signs of decrease in volume. About the Mamostong we have 
insufficient data. None of these glaciers are perfect for our purpose, 
but most of them give an indication of secular retreat. 

The conditions favouring marked periodic change are in ^ some 
respects rather the reverse of secular ones, Periodic change may 
be expected on transverse glaciers with large 
supply to waste areas; where the 
gradient is steep and the outlet valley narrow ; 
where there are no large tributary glaciers entering the lower reaches 
of the main glacier; where the melting area is least affected by 
variable sun or radiation ; and where winter and summer conditions 
are as nearly uniform as possible. We are, as it were, trying to 
measure the high and low tides of the glacier, and do not wish them 
to be affected by storms. With compound glaciers we may get 
a compound periodicity, whose departure from true periodicity 
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depends on the relative sizes, aspects, and slopes of the component 
glaciers, and the proximity of their junction to the snout. 

Of the 34 glaciers investigated below, I believe that periodic 
movement can be observed in ten, but data are too scanty as yet 
for us to define the periodicity, except perhaps in four. The Miim- 
pin, the Kichik Kumdan, and the Aktash seem to me to have perio¬ 
dicities of 48, 45 and 55 years approximately, the observations of 
the last being however barely sufficient to warrant this ^tunate. 
The Chong Kumdan is the one about which we have most informa¬ 
tion, extending ov^er a century. It has a total period of about 90 
years, acc/ording to our definite information; but it seems to me 
probable that there was a valley block between 1878 and 1886 
possibly one or two floods {see chart)' ; if this was so, its periodicity 
would be about 45 years. 

I place the ten glaciers from which some periodicity seems to 
be traceable in the following order of importance: 

(1) Minapin (No. 4). 

(2) Chong Kumdan (No. 29). 

(3) Kichik Kumdan (No. 30). 

(4) Aktash (No. 31). 

(5) Biafo (No. 20), 

(6) Lungmo-chhe ‘ A ’ (No. 33). 

(7) Sasaini (No. 6). 

(8) Pasu (No. 7). 

(9) Malangutti Yaz (No. 12). 

(10) Yazghil (No. 13), 

The last two, however, advance across the Shingshal during the 
block and flood periods of the Khurdopin, and therefore are certain 
to be subject to accidental movements due to variable river erosion. 

Of the remainder, either the observations are at present too 
scanty, their conditions not yet well enough known, or their move¬ 
ments are subject to such compound factors that nothing can be 
made of them. Many of them, however, have points of interest. I 


‘ Since writing the above, I have been informed by the Chief Engineer 
West Frontier Province that the Indue gauge at Attock showed an abnormal oi^ 

the middle of August, 1870, and another still higher one on ^Wih July, ms^.. . 

of these was five f^t higher than that caused by the Shyok flood in 1929. 
these two floods were due to the buwting of the Chong Kumdan 
last periodic advance of the ice. There is no record of any traveller ha^ 
way up the Shyok vaUey during this time and no other t 

floiis taown. An exaiinati^pf the chart shows how well they flt the pwiodiotty 
onrve ’ 


B 2 
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believe that earthquakes or other violent accidental factors, such 
as the sudden overcoming of some obstruction in the bed, have 
affected the Yengutsa (No. 2) and the Hasanabad (No. 5); possibly 
it was the same earthquake. Both the Virjerab (No. 15) and the 
Sasaini (No. 6) are probably a good deal affected by variable seasonal 
factors; the Malangutti, the Yazghil, the Khurdopin, the Kichik 
Kumdan, the Chong Kumdan, and the Batura are subject to 
erosion at the snouts. Some, such as the Hopar, are markedly 
compound. About the rest we have insufficient data to draw any 
conclusions whatever. 

From a study of all these observations and from an examina¬ 
tion of the charts showing them, I conclude that the secular move¬ 
ment, if any, is one of extremely slow retreat, 

General conclusions. ,ti„ 

diminishing. The majority of those glaciers which show periodic 
movement seem to be in retreat, though a notable exception is the 
Chong Kumdan, which is at its maximum periodic advance (Aiigust 
1929); but there is no reason why they should be ‘ in time ’ with 
one another. There are at present only two danger spots for glacial 
dams and consequent floods, nz.^ the Hhingshal valley and the 
upper Shyok. The dangerous glacier in the Shingshal is the Khur- 
dopin, and it seems to require watching every year, or certainly 
at five year intervals. The most dangerous glacier in the u})[)er 
Shyok is undoubtedly the Chong Kumdan. There seem to bo danger 
periods lasting about eight years between safe, periods of about 
thirty-seven years ; during which eight years the glacier may l>urst 
and reform again. I do not believe that anything can be done to 
prevent these blocks and bursts, for the block (;an reform again 
during these eight years of advance.^ 

The glaciers under consideration have been arranged for con¬ 
venience in two main groups, Hunza-Nagar, and Baltistan-Ladakh. 

The former are reached most easily nd Gilgit, 
Arrangement of glacier the latter by either Skardu or Leh. These 
observations. groups have been sub-divided into two 

sub-groups, south and north of the main line of the great Karako¬ 
ram peaks, and these sub-groups have l)een again divided mto 

1 After the time of maximum periodic advance, periodic retreat appears to to 
set in gradually, and may be counter-balanced at first by seasonal winter advant^. hor 
this* reason I believe that the Chong Kumdan glacier will again block the Shyok valley 
in the winter of 1929-30, and there may be another minor flood in 1931. See Himalayan 
Journal, Vol. IJ. 
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valley regions. At the head of each glacier is given its map reference, 
its type, length, h(‘ight of snout above seadevel, and its average 
fall, approximately. I have not attempted to give the ratio of 
supply area to melting area, though this is a very important factor, 
for the simple reason that I do not believe wc have yet sufficient 
data. A brief summary of my conclusions is given at the end of 
(*ach glacier. Pailieular attention is invitf'd to the charts which 
show graj)hically the observed movements of each snout; and a 
sketch map shows the situation and rough form of each glacier. 


observations. 

PARI I.—HUNZA-NAQAR. 

(«) (iLACILKS SOUTH OP THP MUZTAQH-KARAKORAM RANGE. 

I. Hispar Glacier. 

^hict, 42 L; Tijpc^ Longitudinal; Length, 38 miles; Height of 
l:>nout, 10,500 feet apjuox. ; jFu//, generally uniforir, 7,000 feet, 
average 181 feet per mile (3-5%). 

The llispar glacier is a typical longitudinal trough glacier, the 
fourth longest outside suh-Polar regions, with a low and generally 
even gradient, broken only in two placcvS, namely, betvNeen 16,000 
and 17,000 feet, and between 13.000 and 14,000 feet. It descends 
from a broad basin about 3 miles wide, at the head of which is a 
barely perceptible rise* to th(‘ Hispar pass, 17,560 feet-, leading to 
the Biafo glacier and the great ‘ snow-lake with its vast accu¬ 
mulation of n6ve. It seems probable that this reservoir serves to 
supply both the Biafo and Hispar glaciers, the ice being forced 
over the Hispar pass by pressure. To a less extent it also probably 
feeds the Khurdopin and possibly the Virjerab glacier of the Shing- 
shal in a similar way. 

On the north side of the Hispar there is a marked ablation valley 
and great transverse tributary glaciers descend from above the 
snow-line in the recesses of the Muztiigh-Karakoram, the peaks of 
which rise well above 24,000 feet. These tributaries force the ice 
of the main glacier aw'ay from the valley walls. On the south the 
tributaries are of less extent; and beyond the Haigatum glacier 
the valley is enclosed by a steep uiiindented wall. The main trunk 
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of ihe ioe-stream does not appear to be subjected to an unusual 
number of avalanclies, as are the basins of the northern branches^ 

The Hispar was first seen by Giodwin Austen from the summit 
of the Nushik La, a pass at the head of the Haigatum tributary; 
but he did not descend to its surface. It was first traversed and 
surveyed by Conway in 1892. It was visited and its snout care¬ 
fully measured and marked by Hayden in 1906 ; and it has since 
been observed again in 1908 and many of its tributaries surveyed 
by the Workmans, and in 1926 by the Vissers. 

The following is a summary of recorded observations of the 
snout:— 

1889. The end of the glacier is shown on a small-scale planetable 
sketch by Surveyor Ahmad Ali Khan, Survey of India, but the 
scale is too small for any deductions to be made. 

1892. Conway writes: ‘ A quarter of an hour after leaving 
Hispar we reached and crossed a moraine, thus entering a basin 
(about a mile long by a quarter to three-quarters of a mile wide), 
from which the glacier had retired comparatively recently. Such 
a small oscillation is of no importance, so that practically the His¬ 
par glacier may be considered to have been stationary during the 
historic period, for the cultivated Hispar fan has been deposited 
since the main retreat of the ice ’ {Climbing in the Hhnalayas, 
p. 331). The glacier was surveyed by Conway, and the snout is 
shown on his map about 2,260 yards from the centre of Hispar 
village (Map: The Karakoram Himalayas, scale 1 inch—2 miles, 
sheet 1, R.Q.S,, 1894). 

1906. Hayden in September, recorded that the glacier had re¬ 
treated ‘ a few hundred yards from the 1892 position.* This he 
considered might be due to seasonal variation, but he adduced 
the evidence of a narrow terminal moraine to support comparatively 
recent secular retreat. Hayden set up cairns, marked the snout’s 
position and surveyed it. He states that it was about 1^ miles 
(=2,640 yards) from Hispar village {Records, Geological Survey of 
India, Vol. 36, p. 133, with photographs and plan, scale 1 inch 
=800 feet). 

1908. The Workmans write: ‘ Our topographers fotmd the Gleo- 
logical Survey pyramids placed on both sides of the river at the 
tongue. They report the shrinkage in the end of the Hispar tongue' 
m not exoeeding 30 feet. By the end of August, however, they 
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noticed that the depth of the tongue was much reduced, many 
large blocks of ice having fallen down and been carried away by 
the sub-glacial stream/^ The Workmans marked in red a large 
erratic boulder on the right bank with the initials and date of their 
expedition, repeating the marking on the left bank {Geographical 
Journal, Vol. 35, p. 108). 

1925. On Khan Sahib Afraz Gul Khan’s planetable, scale 1 
inch=2 miles, surveyed during the Visser expedition, the snout is 
shown about 2,600 yards from the middle of Hispar village, and 
Visser himself states that * the snout, entirely covered with rubbish 
now, lies 2*4 km.’ [2,630 yards] ‘ up the valley from the village of 
Hispar *. He also records that the ice-cave was further north than 
in 1906. ‘ About 80 to 100 metres in front of the snout was a 

small terminal moraine, apparently new ’ (Zeitschrifi fiir Gletscher- 
kunde, Bd. xvi, 1928, p. 213). 

Conclusion .—If Conway really records a retreat of a mile, it is 
not easy to agree with him that such a retreat is of no importance 
for a longitudinal glacier of such magnitude and fed by such im¬ 
mense tributary ice-streams. The glacier itself has a very even bed 
for the greater part of its course. 'It is certain that of the two 
tributary glaciers nearest the snout, the Garumbar, a southern 
tributary, which on Conway’s map of 1892 was shown (as the Cha- 
rum glacier) nearly IJ miles from the Hispar, had advanced and 
joined the latter by 1925; yet the Kunyang or Lak glacier, the 
westernmost of the northern tributaries, was reported in 1926 to 
have shrunk considerably in volume. The figures given above 
showing the distance from Hispar village are of course approximate, 
and there seems to have been practically no change since 1906. 

The Hispar fulfils most of the conditions for a glacier in which 
secular movement at the snout should preponderate over periodic 
and other movements. 

There certainly seems to be at present practically no seasonal or 
periodic fluctuation in the main trunk, while these fluctuations of 
the lowest tributaries are ‘ out of time ’ with each other and have 
no apparent effect. There are indications, however, noted both by 
Hayden and the Vissers, of shrinkage and secular retreat, in the 
main Hispar glacier. Future observations should be made with 
reference to Hayden’s marks. 


^ Normal sammer ablation. 
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2. Yengutsa Glacier. 

Sheety 42 L ; Type, Transverse ; Length and fatty unknown; Height 
of Snout y 10,800 feet approximately. 

This glacier has not been accurately surveyed, and we do not 
therefore know the nature of its basin. It is, however, undoubtedly 
transverse, and has a fairly steep fall. Its lower part was roughly 
sketched by Conway in 1892, and a plan of it-s snout made by 
Hayden in 1906. The latter marked its snout and these marks were 
re-observed by the Workmans two years afterwards. 

1889. A reconnaissance planotable sketch by Surveyor Ahmad 
Ali Khan, Survey of India, dated August-September, 1889, (scale 
1 inch=8 miles), shows the track between Harapu and Hispar 
villages as crossing the gorge a little over 1^ miles north of the 
snout of the glacier. 

1892. Conway records that the path from Darapu to Hispar 

descended into a precipitous gorge. * A deep nala .divides 

Darapu from Hispar. In its bowels some half a dozen mills find a 
footing. The path goes round by these and mounts to the fair 
fields of Hispar ’ {Climbing in the IlimalayaSy p. 325). Cohway s 
map shows the snout of this glacier, which he calls the Rungjxiy 
a little over U miles from the path, that is, almost exactly in the 
same position as it was shown on Ahmad Ali’s sketch in 1889 (Map : 
The Karakoram Himalayas, scale 1 inch=2 miles, sheet 1, R.G.S.y 
1894). 

1906. Hayden reports that between 1892 and 1906, and most 
probably in 1901, the glacier advanced two miles. He writes: 

‘ Now the path, instead of descending, climbs arduously over a 
steep mass of black and slippery ice, the mills arc gone, and their 
ruins hidden under the snout of the advancing glacier ’ {Rccordsy^ 
Geological Suivey of India, Vol. 35, p. 134, with photographs and 
plan, scale 1 inch=800 feet). 

1908. The Workmans write: ‘ The Yengutsa tongue descends 
at present to within 2,952 feet [984 yards] of the Hispar river... 
As points of study for the Yengutsa, Dr. Calciati and Dr. Koneza 
took the same two pyramids marked in black G.S.I., adding in 
red the initials, B,W., and the date of our expedition in 1908... 
The glacier remains about as in 1906, manifesting only a small 
decrease in thickness and length. They report a recession of 989 
feet as measured carefully from the line of pyramids on either side' 
{Geographical Journal, VoL 36, p. 107). 
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1926. Khan Sahib Afraz Gul Khan’s map, scale 1 inch=2 miles, 
(Visser expedition), shows that the snout of this glacier had retreat¬ 
ed approximately 1,000 yards since 1906, and that the path again 
crossed the gorge some distance north of the snout. The Vissers 
in their papers make no mention of this glacier. 

Conclusion. —The sudden advance in 1901 is almost certainly 
accidental, and was probably caused by an earthquake or sudden 
relief from some obstruction. It is interesting in view of the ad¬ 
vances of the Garumbar glacier to the east and the Minapin and 
ITopar (Barpu) glacier to the west. All these glaciers have pro¬ 
bably fairly steep falls, with probably large nev6 fields, subject to 
heavy avalanches from the northern slopes of the Kailas-Kara- 
korain range. The advance of the Yengutsa is, however, much more 
rapid and unexpected than that of the others, and seems to bear 
a closer affinity to the advance of the Hasanabad glacier. Unless 
some periodicity is discovered at a later date, I believe that the 
rapid advance in 1901 was accidental. We cannot at present 
attempt to d(*fine the periodicity of this glacier, and any secular 
fluctuation is cloaked by the violent accidental movements. 

3. Hopar (Barpu) Glacier. 

Sheet 42 L ; Type, Transverse; Length and /a/Z unknoun ; Height 
of Snout, 8,400 feet approximately. 

The Barpu glacier is really a tributary glacier of the Ilopar or 
Bualtar, sometimes impinging on the latter and sometimes clear 
of it. The upper reaches of both are not properly surveyed, and 
no observations prior to Conway’s in 1892 are of any value. 

1892. Conway’s map shows the snout of the Hopar glacier about 
a quarter of a mile clear of the Hispar river, and a gap of three- 
quarters of a mile between the Barpu and the Hopar. No lake is 
shown in the intervening space (Map : The Karakoram Himalayas, 
scale 1 inch~2 miles, sheet 1, R.G.S., 1894). 

1926. Visser records that the Hopar glacier ^which he calls the 
‘ Barpu ’) now came over the Hispar river to the right wall of the 
Hispar valley, so that there might be danger of a damming of the 
river. It was reported to him that up to 1922 or 1923 the glacier 
had greatJv advanced, but that since that time it had retreated 
{Zdtschrift fiir Gletscherkwide, Bd, xvi, p. 214). 

Concltmon. —See notes at the end of the Yengutsa glacier. 
Owing to confusion of names there is a little doubt about these 
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observations. There is no evidence of a former block of the Hispai 
valley by the Hopar glacier, and it is unlikely that a river of the 
size of the Hispar would be unable to keep a channel clear past or 
under this glacier. It is not easy to see how, if the glacier was in 
1926 against the right wall of the Hispar valley, and then retreat¬ 
ing, there could be any immediate danger of a valley block. Owing 
to the compound nature of the lower reaches, it would be almost 
impossible to determine the various factors contributing to snout 
movements. 


4. Minapin Glacier. 

Sheet, 42 L; Type, Transverse ; Length and fall, unknown ; Height 
of Snout, 7,060 feet. 

The Minapin glacier has never been surveyed except near its 
snout, and its present representation on maps is that which was 
shown on the first rough reconnaissance maps. Its snout was how¬ 
ever accurately surveyed by Hayden in 1906, by me in 1913, and 
it was again carefully observed by Visser in 1926. We therefore 
have a fairly accurate knowledge of the movements of this snout 
during the last 20 years. As far as 1 know, this glacier now de¬ 
scends to a lower altitude than any other glacier in the whole Hima¬ 
laya or Karakoram. This fact is almost certainly due to heavy 
avalanches from an icy cirque, to the lowness of the snow-line and 
to the narrow constricted valley of the lower reaches of the glacier. 

1889. This glacier is shown first on a small reconnaissance sketch 
by Surveyor Ahmad Ali Khan, of the Survey of India, dated 
August-September, 1889, scale 1 inch=8 miles. Its snout appears 
on this to be roughly 3,000 yards from the crossing of the Minapin 
ravine, at the approximate site of the future bridge. 

1892. Conway roughly skek^hed the position of the snout, which 
is shown on his map to be about 2,900 yards from the site of the 
bridge (Map: The Karakoram Himalayas, scale 1 inch~2 miles, 
sheet 1, R.Q,S„ 1894). 

1893. Surveyor Khan Sahib Abdul Gaffar showed on his plane- 
table (scale 1 inch=2 miles) the snout of the glacier 1,700 yards from 
the bridge-site. 

1906. Hayden in September, reported that the total retreat in 
historical times had been considerable, since five generations ago 
the glacier extended down to the bridge-site. The crystalline lime¬ 
stone rock immediately N.E. of the snout had been polished and 
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grooved by the ice. Hayden suggested that the glacier might be 
advancing tem{)orarily, though steadily retreating over long periods 
of time. He carefully marked the walls of the valley near the snout, 
set up cairns, and photographed the snout from the bridge. Hay¬ 
den’s description with photographs and plan (scale 1 inch=500 
feet) is in Records, Geological Survey of India, Vol. 35, p. 131. 

1913. I found that the glacier had advanced 700 feet since 1906. 
It was, therefore, about 1,170 yards from the bridge. Some of Hay¬ 
den’s cairns and marks were covered by the advancing ice, the rest 
were re-painted, and fresh ones made to show^ the new position of 
the snout. A photograph, taken from exactly the same position 
E, at the bridrre, as Hayden’s photograph, and a survey of the 
snout made by me on the scale 1 inch”700 feet, together with a 
description of the marks, appears in Records of the Survey of India, 
Vol. 6, p. 49. 

1925. In this year Visser found that the glacier could no longer 
be seen from the bridge. He writes: ‘It was now 600 to 700 
metres further back than in 1913 ... .As far as the eye could reiich, 
the end of the glacier had sunk to an insignificant narrow strip of 
ice, buried beneath rubbish. There was exposed an extraordinarily 
characteristic ‘‘ U ’’-shaped trough valley, deeply cut, with here 
and there smoothly polished walls'. The outer bank shows strong 
glacial erosion. The moraines appeared to have been washed away 
by water. The limestone rocks, w hich form a strong dividing wall 
of about 160 metres high between the lower part of the Minapin 
valley and the Hunza valley, are beautifully polished and show 
glacial striae, not only on the Minapin side, but also on the Hunza 
aide, which incontestably show that the glacier formerly tumbled 
over this rock-ridge into the Hunza valley ’ (Zeitschrift fiir Glets- 
cherkmtde, Bd. xvi, 1928, p. 215; sketch p. 216 ; plate 30). 

The glacier snout was, therefore, at least 650 yards further back 
than its position in 1913 and must have been at least 1,820 yards 
from the bridge. It is, therefore, intermediate betAveen its 1892 
and 1893 position. The snout is shown on Visser’s sketch very 
shrunken and attenuated. 

1929. Todd, the Political Agent of Gilgit, visited the Minapin 
glacier on 17th April. He was unfortunately unable to find any 
Qiarks set up by the Vissers and had not their sketch-map with 
him. Prom rough notes which he took, it seems probable ^hat the 
attenuated end observed by the Vissers had melted away and that 
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the actual snout was perhaps 100 yards further back than in 1926. 
Todd erected a large cairn level with the snout high up on the right 
bank. The inhabitants of Minapin village reported little change 
during the previous four years. 

Conclusion ,—The observations prior to 1906 must be accepted 
with reserve, since these early reconnaissances were very hurried. 
They do, however, indicate a slow but steady periodic advance be¬ 
tween 1889 and 1892, when a rapid advrance of about 1,200 yards 
seems to have taken place. In 1906 the snout had advanced a 
further distance of 300 yards, that is, the average annual advance 
between 1893 and 1906 was 23 yards as against about 33 yards for 
the period 1889-1892. The glacier must have been still advancing 
in 1906, as suggested by Hayden, its average annual rate being 
approximately 33 yards. It is probable that it w^as nearly at its 
maximum advance in 1913. It is interesting to record that during 
the period 1893 to 1906, the glacier snout was advancing through 
a valley with two right-angled bends in it, the ice being arrested 
by the limestone dividing wall and forced over and round it. Were 
it not for this obstruction, it is probable that the snout would have 
advanced more evenly and rapidly. Retreat seems to have begun 
in 1913, or soon afterwards, and the present condition of the tongue 
shows great degeneration. If refiance can be placed on the early 
observations, and they seem to fit in with the later ones, I suggest 
that the Minapin has a rough total periodicity of about 48 years, 
24 of advance and 24 of retreat. There seem also to be general 
indications of secular retreat, but these are smothered at present 
by periodic movement. 


5. Hasanabad Glacier. 

Sheets 42 L; Tyj}e, Transverse; Length and fall, unknown, 
Height of Snout, 7,290 feet. 

The basin of this glacier has never been surveyed ; its extent 
and nature are not yet known. This is regrettable, for it has the 
reputation of having undergone greater fluctuations than any other 
glacier in the world. The first to call attention to these movements 
was Dr. Arthur Neve in 1895, but it was not till Hayden visited 
the snout in 1906 and erected cairns and marked it, that we can be 
certain of the observations. Next to the Minapin, its snout descends 
lower than that of any glacier in the Karakoram or Himalaya, the 
reasons beiiig similar in both cases. 
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1839. Surveyor Ahmad Ali BLhan on his planetable, dated 
A'lgust-September, 1889, scale 1 mch=8 miles, shows the snout 
of this glacier approximately 6 miles from the road-crossing of the 
Hasanabad ravine. 

1892. Conway’s map shows the Hasanabad nala dotted. The 
snout is shown roughly 8 miles from the road-crossing, but it does 
not appear to have been visited, and the snout may have been 
entered from hearsay (Map: The Karakoram Himalayas^ scale 1 
inch=:2 miles, sheet 1, R.O.S., 1894). 

1893. Khan Sahib AbduL Gaffar’s planetable sketch, scale 1 
inoh=2 miles, shows the snout only 3,750 yards, or a little over 
2 miles from the road-crossing. The first edition of the Survey of 
India Transfrontier Sheet No. 2 S.E., dated 189G, shows the snout 
as on Abdul Gafiar’s planetable. 

1895. Dr. Arthur Neve learned from a native that the ice had 
advanced 2 miles that year and from 4 to 5 miles the previous year. 
This must, it seems to me, refer to advances in 1892 and 1893, 
but even so it is not easy to reconcile these advances with the move¬ 
ments in 1903 as reported to Hayden in 1906 (see below). 

1903. Sir Henry Hayden was told in 1906 that the glacier had 
suddenly advanced a distance variously estimated at from 6 miles 
to a (lay’s march, during 21 months (Records, Geological Survey of 
huUa, Vol. 35, p. 135). 

1906. Hayden reported the snout to have been stationary since 
1903. He painted marks in line with the snout (Records, Geolofpeal 
Survey of India, Vol. 35, p. 135, with photographs and jdaii, scale 
1 irich=^400 feet). 

1908. Workman reported the snout to be in the same position 
as in 1906 (The Call of the Snowy Hispar, p. 25). 

1913. Hayden’s marks near the snout were repainted and photo¬ 
graphed by me. The snout was in exactly the same position as in 
1906. It was then about 2,000 yards from the bridge over the Haaa- 
nabad ravine (Records of the Stmyey of India, Vol. 6, p. 49). 

1925. Visser examined this snout and shows a photograph in 
the Geographical Journal, Vol. 68, p. 460. By comparing his photo¬ 
graphs with those of Hayden, Visser concluded that the volume of 
ice in the glacier had decreased considerably, while its length had 
remained the same. Ho reports that one portion of the snout had 
been cut off by the stream, and now fornuHl ‘ dead ’ ice (Zeitschrift 
fur Oletscherkunde, Bd. xvi, 1928, p. 216). 
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1929. Todd, Political Agent at Gilgit, visited the glacier on 
18th April. He reports that its end was hidden under debris and 
that the stream issued from a dirty ice-cave about 400 yards up¬ 
stream of the line joining Hayden’s marks, arid * about 1^ miles ’ 
from the bridge. He also reports a terminal moraine standing up 
in the river-bed in line with Hayden’s marks. The snout at the 
time of Todd’s visit was level with the mouth of the small nala 
coming in on the right bank. The local people reported that the 
glacier was shrinking year by year {'private letter). 

Conclusion, —^The Wazir of Hunza told Hayden that the Hasana- 
bad glacier occupied its 1906 position many years before, and that 
it had subsequently retreated rapidly. But it is hardly conceivable 
that it could advance nearly 6 miles in 1892/3, and then in the 
following ten years waste away for the same distance, in order to 
be ready for another 6-mile advance in 1903. If this were so, we 
would expect a similar wastage since 1903, whereas the position of 
the snout remained practically stationary in its position of maxi¬ 
mum advance for over twenty years, though during the latter part 
of this period it wasted considerably. 

Since Neve’s hearsay evidence agrees approximately with the 
evidence on Abdul GafEar’s planetable, it seems reasonable to sup¬ 
pose that in 1896 the glacier was approximately 2 miles from the 
river-crossing; that between that time and 1903 the end shrunk 
and retreated perhaps a mile ; and that it advanced again in 1903 
perhaps a mile or so to its position of 2,000 yards from the bridge, 
which it maintained till 1926. 

There were no signs of shrinkage in volume recorded in 1908 
or 1913, but it was very marked in 1926. The glacier is now, 1929, 
definitely retreating and it will be very interesting to see if it retires 
to its position of the early ’nineties. 

The upper basin of the glacier is probably subject to heavy 
avalanches. The trunk is almost certainly confined and lying on a 
steep bed. The valley through which it emerges is narrow. Yet 
even so, I believe that these violent movements must be treated as 
‘ accidental ’, and caused either by earthquakes or by the over¬ 
coming of some obstruction in the bed. This glacier may be likened 
to a clinical thermometer with the bulb laid in the raountains> Its 
violent accidental fluctuations at the end of the narrow valley record 
its eccentricities in the same way as the mercury registers the 
fevers of a sick man. Secular or even truly periodic variations on 



Pabt 2.] Mason : Olaciers of the Karakoram. 236 

such a glacier as this are entirely obliterated by accidental 
movements. 

Further observations, annual if possible, are required of the 
snout of this glacier. The next year of maximum retreat should 
be between 1936 and 1940, after which I believe it will advance. 

(6) GLACIERS NORTH OF THE MUZTAGH KARAKORAM. 

The glaciers north of the Muztagh-Karakoram range will be 
dealt with in three regions, viz.: (i) those which drain directly into 
the Hunza river ; (ii) those which drain directly int-o the Shingshal 
tributary of the Hunza river ; and (iii) small miscellaneous glaciers 
in the Khunjerab-Ghujerab region. 


(fe) (i) Glaciers urainino direitly into the Hcnza Kiver. 

6. Sasaini or Qhuikin Qlacien 

Sheet, 42 L ; Type, mainly transverse; Length, W miles approxi¬ 
mately ; Height of Snout, 8,000 feet approximately ; Fall, 5,000 feet 
in first 3 miles (?) (31% approx.), 6,000 feet in the last 8 miles (?) 

(U%). 

The Ghulkin glacier has ne\"er been accurately surveyed, its 
upper basin is unknown, and the figures of the fall given above 
are very rough. The snout also is unsuitable for accurate measure¬ 
ment, for it varies laterally year by year. 

1885. Woodthorpf' carried a route traverse past the snout. His 
map shows the end of the ice approximately 800 yards from the 
left bank of the Hunza river. In his Routes he describes the glacier 
as ‘ a few hundred yards west of the road ' (The Gilgit-Chitral 
Mission, ISSS-SG, p. 135). 

1891. On December 27th, after the Hunza campaign, E. F. 
Knight passed up the Hunza valley below the snout of this glacier 
(Where Three Empires Meet, p. 493). 

1907. In June, Price-Wood passed up the valley below Ihe 
glacier. He records that it extended ‘ right down to within a 
couple of hundred yards or le=^s from the Hunza river’ (Travel and 
Sport in Turkestan, p. 24). 

1913. In May, I found the snout to be 300 yards from the Uft 
bank of the Hunza river. The ground was littered with maasive 
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blocks of black ice, much intermingled with debris. There were 
several moraines, both lateral and terminal. The glacier appeared 
to have joined the main valley at one time further north. Local 
inhabitants reported that this glacier had never been known to 
block the main valley, but that at that time it was slowly advanc¬ 
ing, and that its snout varied laterally each year. From the 
moraines and ‘ dead ice * at the snout, much of which had dis¬ 
appeared by August, I considered that the glacier had passed its 
position of maximum periodic advance, and had actually begun to 
retreat (Records of the Surrey of India, Vol. 6, p. 49). 

1922. On 27th June, Skrine was forced to cross the glacier on 
his way up the Hunza valley, but only because the streams issuing 
from it were unfordable (Chinese Central Asia, p. 30 ; and private 
letter). 

1924. In October, Skrine skirted roimd the snout, crossing seven 
or eight streams. ‘ There was then a space of at least half a mile 
between the snout on our right (west) and the river * (private letter).^ 

1925. The Vissers passed the snout, but in their writings make no 
comment. Khan Sahib Afraz Qul Khan’s map, however, shows the 
snout about 1,000 yards from the left bank of the Hunza river. It 
therefore appears to have retreated since 1913, and to be slightly 
further back than in 1885. 

Conclusion .—These movements are seasonal or periodic. As yet 
there is little evidence of secular movement, though the snout in 
1926 was further in retreat than recorded previously. Observations 
are, however, very scanty and insufficient. There has been no re¬ 
corded blocking of the Hunza river, and there seems to be no danger 
of a block. This glacier is not suitable for accurate observation. 

7. Pasu Glacier, 

Sheet, 42 L ; Type, mainly longitudinal; Length, 15 miles ; Height 
of Snout, 8,000 feet approximately ; Fall 3,000 feet in first 3 miles 
(1,000 feet per mile, 19%), 6,000 feet in last twelve miles (600 
feet per mile, 9*6%). 

The Pasu glacier was not properly explored until the Visser 
expedition of 1926, but we have a certain amount of information 
about its snout. It has no important side tributaries and no com- 


» In book Skrine reoorde that in Odobcr the alaeier wmm aaaUe An 
T.H. 1 ... 
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plicated system of n6v6 feeders. It is reported by the Vissers to 
be fed for the most part by avalanches and falls from steep hanging 
glaciers. The ice-stream descends from the n6v6 region in a beauti¬ 
ful cascade. From below this cascade the fall appears to be fairly 
even. 

Beside the left bank with southern exposure, there stretched, 
in 1926, from about a height of 14,200 feet, an ablation valley with 
rich vegetation, almost to the Hunza valley. 

1886. Woodthorpe carried a route traverse past the snout. 
The map prepared in 1894, from this traverse, shows the snout in¬ 
correctly reaching the right bank of the Hunza river. Both the 
original survey and Woodthorpe’s report show the main road des¬ 
cending into the Pasu stream, some distance from the Hunza river, 
and the original survey shows the glacier one mile from the river. 
Surgeon Giles of the Mission writes : ' The Pasu glacier at present 
stops some 3 miles short of the Hunza river ’ {The Gilgit-Chitral 
Mission^ 1885-86^ pp. 136, 161). A detailed description of the 
country between the Sasaini and Pasu glaciers is given with an 
interesting photograph of the Pasu glacier. 

1891. E. F. Knight, after the Hunza campaign, passed up the 
Hunza valley below this glacier on December 27th {Where Three 
Empires Meety p. 493). 

1907. In June, Price-Wood records that the Pasu glacier was 
about IJ miles from the Hunza river {Travel aiid Sport in Turkestan^ 
p. 24). 

1909. Etherton crossed the moraine of the glacier. Beyond this 
fact, his observations are of no value, and he gives no evidence in 
support of his assertion that the glacier is steadily advancing {Across 
the Roof of the World, p. 49). 

1913. I found a series of dead lateral moraines near the snout 
indicating periodicity in the retreat of this glacier. The snout was 
approximately in line with the cliSs to its north, which are some 
1,200 yards from the river. There were no terminal moraines, and 
I concluded that the glacier had retreated too fast for them to form. 
In August the cUfts north of the glacier were marked, and a rough 
survey made of the position of the snout. Measurements, bearings, 
and a photograph with a sketch-map appear in Records of the Survey 
of India, Vol. 6, pp. 17, 60, 51. 

192^. Skrine * skirted loxmd the loot of the glacier * in June, 
on his way up the valley {Chinese Central As^a. p. 30). 
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1926. KLhan Sahib Afraz Gul Khan, when with the Visser expe¬ 
dition, surveyed the whole of the Pasu glacier. His map shows the 
snout 1,450 yards from the river-bank. Visser himself writes: 

‘ I first examined the exact position of the snout, which, although 
it still reached the Hunza valley, showed signs of retreating ’ 
(Among the Karakoram Olaciers, p. 41 ; photographs of the glacier, 
but not of its snout, appear on pp. 42, 44, and in the Geographical 
Journal, Vol. 68, p. 460). Visser also reported that the inhabitants 
of Pasu village were unable to record any great movements for a 
number of years. The tongue showed no evidence of an advance 
and the snout went almost imperceptibly into rubbish (Zeitschrift 
fur Oletscherkundcy Bd. xvi, p, 202).^ 

Conclusion, —Observations and records of the Pasu glacier have 
been unfortunate. The discrepancy between Surgeon Giles’ report 
and Woodthorpe’s map is most regrettable. If Surgeon Giles is 
correct in stating that the glacier was then three miles from the 
Hunza river, and if Price-Wood’s observations are reliable, the 
glacier must have advanced 1| miles between 1885 and 1907. Wood- 
thorpe, however, only shows it one mile from the river in 1885, and 
if this is correct, the movement must have been more corn]plicated. 
The doubt exists, and it would be unsafe to base any dc^ductions on 
either report. If we assume that when Visser alludes to Hayden’s 
observations of 1907, he has made a mistake for my observations 
of 1913, it seems safe to assume that the glacier is now undergoing 
slight periodic retreat, which may have begun about 1910. There 
is no evidence of secular movement, and most certainly no danger 
of the glacier blocking the Hunza valley. 


^ In his paper in Zeitschrift fdr Oletscherkunde, Visser says: ‘ The Pasu is^the 

glacier which in 1907 was visited by Sir Henry Hayden for the sole purpose of studying 
its movements. Sir Henry Hayden prepared a map of the Pasu glacis and took a photo¬ 
graph of the snout; he made marks on the banks to determine the exact position of the 
snout. Falls of rook and avalanches had however unfortunately obliterate the marks ; 
but the map and photograph gave a sufficient number of reoogniaable points to make 
certain that the glacier had retreated somewhat since Hayden's visit.* 

Visser seems to be mistaken, for a diligent search through the files and records of the 
Oeologioal Survey of India discloses no information regarding an examination by Hayden 
of the Pasu glaoiir. Nor could any trace of the Pasu glacier be found among Hayden's 

f lacier sketones or in the negative register among the photographs taken by Hayden on 
is 1906 trip. It is possible that Visser refers to my observations of 1913. The point 
is important, because in 1907 the glacier was, acooi^ing to Price-Wood, l| miles from 
the river, and probably advancing, while in 1913 it was only 1,200 yards from the river 
and probably retreating. According to ELhan Sahib Afraz Qul Khan, the glacier was 
1,450 yards from the river in 1926. The Khan Sahib's map seen^ to 1^ correct. 
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8. Batura Glacier. 

Sheet, 42 L; Type, longitudinal; Length, 36 miles; Falls, 2,000 
feet in the first 2 miles (1,000 feet per mile, 19%) ; 5,(X>0 feet in 
next 12 miles (417 feet per mile, 7-9%); 3,000 feet in last 22 miles 
(136 feet per mile, 2*5%); Height of Snout above sea level, 8,030 
feet. 

Except for the fact that the Batura was a very large glacier of 
probably over thirty miles, nothing was known of the body of this 
glacier beyond a mile or two from its snout until the Visser expedi¬ 
tion of 1925. We now know that the Batura is made up of two main 
streams, which unite about 22 miles from the snout; it is believed 
to be the sixth longest glacier outside sub-Polar regions. The 
southern and longer arm is formed by the imion of three streams 
of n6v6. The longest of these streams, which lies furthest to the 
north, and which was explored by the Vissers, is shut in by steep 
walls of rock. 

The great range along the right bank of the Batura forms an 
enormous wall about 20 miles long, practically nowhere lower than 
20,000 feet, and culminating in two peaks over 25,000 feet. Visser 
gives the relative areas of nev6 and melting as 97 square kilometres 
and 185 square kilometres, so that the two portions are related to 
one another as approximately 1:2. The mountain wall is supported 
by projecting ridges, much as a church is supported by buttresses, 
and between these buttresses about 20 glaciers of varying size 
stream down in beautiful ice-falls to the great Batura glacier. 
Visser writes: ‘ Nowhere else have I heard such uninterrupted 
avalanches thunder as in this part of the Karakoram. This in¬ 
cessant roar provides the solution of the problem of how this long 
valley with its small n^v^-fields gets its fodder. We saw a further 
solution in the enormous blocks of ice and snow lying heaped up 
on the glacier, and also the indented tracks of dust avalanches 
which were everywhere visible on the ice-armoured walls.’ 

The left enclosing mountains of the Batura are not nearly so 
high. The snow covering is much smaller and only four insignificant 
tributaries feed the glacier. The fall of the glacier is extraordinarily 
small, only 2*5 per cent, for the last 22 miles, and throughout 
the whole length the evenness of its longitudinal profile is only broken 
at two points by ice-falls. Visser gives rough calculations of the 
maximum thickness of ic^ 39 kilometres from the snout, and puts 
it at from 610 to 670 metres. 

^ 2 
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A long ablation valley stretches along the left side of the glacier 
from above the junction of the two arms 22 miles from the snout 
and continues almost to the end of the glacier; but it actually 
finishes where the lower cascade begins and so it does not form an 
avenue of approach from the Hunza valley. 

The snout generally projects into the Hunza river and so is 
much subject to erosion. The following are selections of observa¬ 
tions made by various travellers. 

1886. Woodthorpe carried a route traverse up the main valley. 
His map shows the glacier reaching the Hunza river, which passes 
round the snout. ITiree miles from the snout the glacier begins to 
spread, and the track is shown crossing the glacier about half a 
mile from the snout, which is about miles broad at this point. 
Woodthorpe describes the glacier as being ‘ at least 1J miles broad.* 
He writes that it is ‘ impracticable for horses, which must ford 
the main river just above Pasu as well as the Shimshal river 2 miles 
above it. The horse-road then goes along the river-bed for 3 or 4 
miles, fording the stream several times. This is impracticable after 
1st May * {The Gilgit-Chitral Mission, 1885-86, p. 136). 

1889. Younghusband crossed the glacier on his way back from 
the Pamirs {The Heart of a Continent, p. 283). 

1891. E. F, Knight, after the Hunza campaign, describes his 
march on 28th December, as follows: ‘ A short distance beyond 
Passu we had to cross a large glacier that descended to the river¬ 
bed, picking our way for two miles among boulders of green ice.’ 
The snout appears to have been approximately in the same posi¬ 
tion as in 1886 and 1913 (Where Three Empires Meet, p. 498). 

1907. In June, Price-Wood crossed the glacier, but gives no 
details {Travel and Sport in Turkestan, p. 26). 

1909. Etherton crossed the glacier, which according to him 

* threatened to block the Hunza valley.’ This rather vague state¬ 
ment is supported by no evidence. His remark that the glacier is 

* creeping forward year by year,’ probably refers to the ice and 
not the snout {Across the Roof of the World, p. 60). 

1913. In May, I found the glacier snout well in the river-bed, 
and there was no way past it on foot. Opposite the glacier on the 
left bank of the Hunza river were the remains of an old moraine, 
showing that the glacier had at some time reached the far bank 
{Records of the Survey of India, Vol. 6, pp. 17, 61; the end of the 
Batura glacier can be seen in the distance in Plate 7, opposite p. 17). 
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1922. Skrine crossed the glacier in June, but does not record 
the position of the snout. It probably extended to the river-bed 
(Chinese Central Asia, p. 31). 

1924. Skrine, in October, records that the Batura glacier was 
easier to cross than in 1922 (Chinese Central Asia, p. 290). This 
was probably due to summer ablation. 

1926. Mrs. Visser writes: ‘ Right across the river the glacier 
pushed its way, blocking the whole width of the valley ’ (Among 
the Karakoram Glaciers^ p. 51). Mr. Visser records the same fact, 
and makes certain observations on the ‘ dead * ice of the glacier, 
in the Geographical Journal, Vol. 68, p. 466. Khan Sahib Afraz 
Qul Kiian’s map shows that the river has managed to keep open a 
channel between the snout and the left bank. The snout ‘ spread * 
appears to have been reduced in width to just under a mile, while 

the ‘ waist,’ 2\ miles above the snout, is about | mile wide. In 

Zeitschrift fiir Gleischerhunde, Bd. xvi, 1928, Visser describes the 
glacier very fully. Here he writes: ‘ The Batura might be longer 
were it not that it met on its way a river and a mountain side. The 
position of the end of the glacier is now such that the Batura stream 
unites with the water of the Hunza river almost without ever having 
seen the light of day.’ 

Conclusion ,—The evidence of the moraine on the left bank 
seems to point to secular retreat; but this is not very recent. If 

there ever has been a glacier block, the water almost certainly 

escaped under the ice.^ The only record of a large catastrophe in 
the Hunza river, apart from the smaller ones in the Shingshal 
tributary, is that of 1868, which was almost certainly due to the 
earthen dam formed by the Ghammesar landslide near Atabad. 
It is the lake, which formed behind this, and which stretched to 
and destroyed the old village of Pasu, that has given to the valley 
here the appearance of having been destroyed by the bursting of a 
Batura glacier dam. 

Apart from the evidence of secular retreat, which cannot be 
expected to be very marked in a glacier with so small a fall, there 

^ 3iaoe the above was written. I have received a letter from Afr. H. Todd, PoUtioal 
at GQgit, in which he remarks : * 1 can find no evidence of a flood of any size in 
Wi. The people say that the Batura has never caused a flood. It has been known to 
move across the river, but the water has soon found its way underneath or over the top.* 
1 had already oome to the oonclusion that the flood caused by a block reported to me in 
1918 to have oocuired about forty jrears previously, (Becords of the Swrvey of India. Vcfl. 


242 


Records of the Oeclogtcal Survey of India. [ You LXIIL 


seems to have been a diminution of the width of the glacier ‘ spread ’ 
after its emergence into the Hunza valley from its enclosing walls, 
though the actual position of the tongue cannot have varied much 
during the last forty years. During this period the main route to 
the Pamirs has crossed the glacier at approximately the same spot, 
three-quarters of a mile from the snout, which has projected up to 
or into the Hunza river. Visser remarks that the great left side 
arm of the glacier shows signs of great degeneracy. Everything in 
fact points to a higher level of the ice a comparatively short time 
ago. I, therefore, believe that a block by the Batura glacier is not 
possible, even if it ever was in recent times. Too much water now 
comes down the main river from the Chapursan, Khuiijerab and 
Ghujerab basins, and end-erosion should always keep a passage 
clear. It may not be long, relatively speaking, before the glacier 
may retreat from the river bank and leave a passage up the Hunza 
valley below the snout, at any rate in winter-time. 

(b) (ii) Shinc;shai. Valley Glaciers. 

The whole Shingshal valley up to the tributary leading to the 
Shingshal pass was traversed by Lieut. G. K. Cockorill, (now 
General Sir George Cockerill, Kt., C.B., M.P.), in 1892. He made 
a rough survey of his route to the pass, which was accurate so far 
as it went, but the glaciers were not reconnoitred in detail, nor 
were they studied. In April, 1908, Captain F. H. Bridges, Military 
Assistant at Gilgit, reconnoitred the whole of the Shingshal valley, 
and wrote a brief report, which was unfortunately not made public. 
His observations are most valuable. In April, 1913, Captain J. F. 
Turner visited the valley, but it was not till the Visser expedition 
of 1926, that the whole valley and all its glaciers were accurately 
surveyed. 

The following glaciers descend from the Muztagh-Karakoram 
range, and flowing north, drain into the Shingshal river h — 

(9) Ghutalji Yaz. 

(10) Lupghar Yaz. 

^Sir Ge^e Coolioriirfl names for those glaciers aie:—(9) Abdigar, (10) Lupghar, 
(11) Dukul-i-yars, (12) Malunguti, (13) Voriprab. Ho appears not to have seen the 
Khnrdopin or Viijerab and seems to have been given the name ‘ Verigerab ’ for the 
Yas^hil glacier. 

Bridges’ names for the same glaciers are :—(9) Abdigara, (10) Lupghar, (11) Moom- 
bil, (12) Malunguti, (13) Yarsghil, (14) Kurdarpin and Shungdiokt, (16) Vergerap. 
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(11) MomhUYaz. 

(12) Malangutti Yaz. 

(13) Yazghil. 

(14) Khurdopin, with its tributary, Yukshin-Gardan. 

(15) Virjerab. 

There have been records of various glacier blocks in the Shing- 
shal valley, caused by one or other of these glaciers advancing and 
closing the valley. Floods following the bursting of temporary 
obstructions in the Shingshal are known to have occurred in 1884, 
1893, 1905, 1906, and 1927.1 

9 . Ghutaiji Yaz. 

Shaty 42 L; Type^ transverse ; Length, 9 miles approximately ; 
Height of Hnout, 11,000 feet approximately ; Fall, unknown. 


10. Lupghar Yaz. 

Sheet, 42 L; Type, transverse; Length, 9'miles approximately; 
Height of Snout, 10,000 feet approximately ; Fall, 8,0(K) feet approxi¬ 
mately (890 feet per mile, 17*0%). 


11. Momhil Yaz. 

Sheet, 42 P ; Type, transverse ; Li’ngth, 18 miles approximately ; 
Height of Snout, 9,500 feet approximately ; Fall, 8,5(K> feet approxi¬ 
mately (472 feet per mile, 9*0%). 

The snouts of these three glaciers w(Te shown on Cockeriirs map 
in 1892 to be 34J and 3 miles from the Shingshal river respectively. 

* Elarly reports placed the obstruction of 1868 on the ITmiza river about a mile above 
Baltic. Later investigation by Drew seemed to place it in the Shingshal vaUoy, though 
he was corrootly informed that it was caused by laiidsli}) and J'ot by a glacier dam (Jurn- 
moo and Kashmir Territories, p. 419). It is quite certain that this obstruction was 
somewhere up the Huuza river and not on the Shyok, for the gateway of Nomal Fort 
was disoovered among the debris carried down by the flood. From reicnt investigations 
by Mr. H. Todd. Political Agent of Gilgit, it seems to mo certain that the early reports 
were correct, and that the obstruction was caused by a landslide at Ghamniesar, between 
Baltit and Atabad (Himalayan Journal, Vol. 1, p. 20). 

Todd also informs me that the Mir of Hunza in 1929 declared to him that there was 
no flood in 1027 ; and Todd himself could find no record of one. The evidence for this 
flood is contained in Captain Morris’s lecture to the Royal Geographical Society (Gco- 
graphical Journal, Vol. 71). The Vissers reported a lake aheve the Khurdopin glacier 
in 1926. Todd oonoludes that the flood must have boon very small, if it ooeurred at 
all. The lake may have dispersed gradually as happened in 1907. 
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They are shown only very roughly on Bridges’ sketch-map, 
and Turner does not mention them. On Kian Sahib Afraz Gul 
Khan’s planetable of 1926, they are shown as 4 miles, 4 miles and 
miles respectively from the river. The earlier observations may 
not have been sufficiently accurate for deductions to be drawn, 
since questions of glacier advance had not then been taken up. 
Visser (1925) remarks that the Ghutalji Yaz and Lupghar Yaz seem 
to be the remains of much bigger glaciers. High above the present 
level of the glaciers, the old beds are plainly visible on the valley 
slopes. 


12. Malangutti Yaz. 

Sheet, 42 P; Type, transverse; Length, 15 miles ; Height of Snout, 
9,700 feet; Fall, 4,000 feet in last 8 miles (500 feet per mile, 9'5%). 

This glacier was first discovered by Cockerill, but it was not 
explored till 1925, though Bridges made some interesting observa¬ 
tions of its snout. It is fed for the most part by the enormous ice- 
clothed peak, Dasto-Ghil, 25,868 feet high. Visser reports that 
streams of n6v4 tumble down from the higher terraces in gigantic 
falls to unite in the Malangutti glacier, which first of all has an ice- 
fall, but afterwards flows with a more or less even gradient of about 
4-7 per cent. According to the survey made during the expedition, 
however, this gradient is steeper, 9*6 per cent. The surface had 
not many crevasses, but presented innumerable gigantic seracs which 
tumbled together the whole day long. In its lower course there 
were five lateral moraines, and on both banks there were ablation 
valleys more or less well-developed. 

Visser also writes:—‘ The Shingshal valley relative to lihe 
Malangutti is steep. The Shingshal river pushes its way only with 
difficulty between the northern slope of the valley and the ice of the 
Mal a n gutti glacier which spreads over the valley.’ There seems 
to be some error here, for, though for about a mile above the glacier 
the Shingshal river flows through a narrow gorge, the survey de¬ 
finitely shows the fall of the Shingshal valley as only 84 feet per 
mile, or 1*6 per cent, approximately.^ 

The upper Shingshal valley is, in fact, mainly a longitudinal 
trough, roughly parallel to the alignment of the Muztagh-Kara- 

* Th® Distriot Engineer of the Gilgit Agency in the time of Bridges* visit oommonting 
on m report, says that the fall in the Shingshal valley is even leas than lAiown 

on the Khan Sahib*s msp, in*., 75 feet per mile, or 1*4 per cent. 
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koram, and the glaciers descending from the latter, which we are 
considering, are mainly transverse. 

The following is a summary of the observations:— 

1892. The snout of the glacier is shown on CJockerill’s ^-inch 
reconnaissance-map as just reaching the Shingshal river, which then 
found its way round the base. 

1908. Bridges found the snout about 50 yards from the opposite 
conglomerate hill, beyond the bed of the Shingshal river, which 
flowed under the glacier.^ 

1913. In April, Captain J. F. Turner found the snout projecting 
to the edge of the river. He was able to ford the Shingshal river 
below the snout and pass the glacier by the right bank ('private 
letter). 

1925. The Vissers explored the glacier for three marches and 
surveyed it thoroughly. As mentioned above, the glacier reached 
the Shingshal river, which pushed its way with difficulty between 
the northern bank and the ice of the glacier. Visser considered 
that the glacier was probably advancing, and that there was danger 
of damming (Zeitschnft fur GletscherJcunde, Bd. xvi, 1928, p. 210; 
see also Geographical Journal^ Vol. 68, p. 464, and Among the 
Karakoram Glaciers, pp. 157-175). 

1927. Captain Morris records that this glacier runs right down 
to the Shingshal river, ‘ but exhibits signs of retreat' (Geographical 
Jownal^ Vol. 71, p. 518). 

ConcZtmon.—This is a typical instance of a glacier projecting 
into a river which carries sufficient water now-a-days to keep a 
channel clear, either by erosion or by tunnelling. Except for very 
minor oscillations in the river-bed, it seems that its snout has re¬ 
mained practically stationary for over 36 years. Yet it has a suffi¬ 
cient fall in its bed and a sufficiently large n6v6 basin to give it a 
noticeable periodic variation. End-erosion must be the cause of 
the apparent stability of the snout. According to Bridges, there 
is some evidence on the valley walls that the glacier has at times 
blocked the valley. This cannot have been in recent times, and 

^ BridgM reports from local information that in 1907 the glacier closed on this hill 
oppotita^ oaosing a lake to form upstream of it, 150 feet deep. This lake is reported to 
have burst in September. The District Engineer records that in April, 1907, the glaoier 
WM 100 yards from the opposite hill and that there was no lake in August. He dismisses 
this 1907 flood as fictitious, and he is almost certainly correct. There was actually no 
aorious flood in the Shingshal valley in 1907, and when the lake behind the Khurdopin 
gkMfler reached the ton of the glacier its waters dispersed gently in eleven days. 
rise at Bunji was only 7 foot. 
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such an event is no longer likely. In any case such evidence points 
to secular retreat. The glacier may also be retreating now, as 
suggested by Morris in 1927, but it would be unwise to accept this 
as a definite conclusion until it is shown to have retreated from the 
river bank. Morris was there in 1927, when there was a block 
further up the river ; the water in the Shingshal river may there¬ 
fore have been less than normal. It is just possible that the low 
river may have given Morris an exaggerated impression of retreat. 


13. Yazghil Glacier. 

Sheety 42 P ; Type, transverse ; Length, 18 miles ; Height of Snout, 
10,400 feet; Fall, 0,500 feet (360 feet per mile, 0*8%). 

Excjcpt for some careful observations at the snout of this glacier 
made by Captain F. H. Bridges in April, 1908, almost all our know¬ 
ledge comes from Visser, but it is not easy to agree with some of 
hia conclusions. He says, for instance:—‘ This is the most easterly 
and the largest of the five glaciers which flow in purely longi¬ 
tudinal valleys, within the drainage area of the Shingshal.’ I 
personally believe that this glacier, as well as the remaining four to 
its west, is typically transverse. 

The Yazghil valley is heavily deepened compared with its upper 
three left side-branches, from which the glaciers hang with lovely 
falls of ice. These glaciers have basins narrowly shut in by steep 
walls of rock and are fed entirely by avalanches. The total fall of 
6*8 per cent, is broken twice by ice-falls, and but for these the 
gradient would be an even 5*2 per cent. 

Visser remarks on the spotless whiteness of this glacier com¬ 
pared with others in the Shingshal region. Ablation valleys extend 
on either side of the main valley along the lower course. The fol¬ 
lowing observations give a summary of what is known of the posi¬ 
tion of its snout. 

1892. On Cockerill’s sketch-map this glacier, which is called the 
‘ Verigerab,’ is shown as just reaching the Shingshal river. 

1908. Bridges reports that the snout is split into two before 
reaching the river-bed, by a hill situated in the mouth of the side 
valley. The two snouts thus formed were three-quarters of a mile 
apart. The upper snout was 48 yards and the lower only 10 yards 
from the cliff on the right bank of the Shingshal. According to 
native infoimation, the lower snout had during the previous year 
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extended to the opposite cliff and the water had flowed all the time 
underneath the ice. The flood caused by the Khurdopin in 1907, 
in spite of the fact that it took eleven days to drain away, cut 
through the Yazghil dam and demolished it (unpublished report). 

1913. Captain J. F. Turner does not appear to have observed 
the Yazghil glacier when passing up the main valley. It is possible 
that at this time the glacier was not then projecting into the Shing- 
shal river-bed (private letter). 

1925. On the Khan Sahib’s map, surveyed during the Visser 
expedition, the glacier is shown as completely blocking the main 
valley, but no lake is shown upstream of it, and Mrs. Visser writes 
that it entirely filled the broad Shingshal valley, so that the river 
had to force it« way beneath the ice (Amm^ the Karakoram Glade) s, 
p. 109). According to the same map the glacier seems to have 
spread slightly upstream and about half a mile down-stream in 
the valley of the Shingshal. (For a description of the exploration 
of this glacier, see op. cit , p. 138 : and photographs in Geoqraphical 
Journal, Vol. 68, p. 466.) 

Visser himself writes that the Yazghil appeared to be in a state 
of advance, ‘ because the snout of the glaciei had pushed itself 
across the Shingshal valley, and had forced the river over to the 
right bank,’ This last remark is slightly at variance with the other 
observations not(‘d above, but there seems to be little doubt that 
the conclusion is correct. The intense whiteness noted by Visser 
is strongly typical of an advancing glacier in these regions, as is 
the fact that the glacier seemed to be spreadmg its snout in the main 
valley and seeking to find room for its extra volumes of ice in its 
own valley itself. The old dead lateral moraines at some places 
completely and at others partially, had been swept away by the 
advancing ice, so that they formed at the side of the glacier a vertical 
wall. 

Conclusion .—Though there is very little actual change in the 
position of the snout between 1892, 1908, and 1925, it appears to 
me that this glacier is now definitely trying to advance. The 
advance of the snout is, however, cloaked by the activity of th(‘ main 
river and the extra volume of ice has to find relief by sj^nading 
rather than advance. Bridges recorded that in April, 1908, the river 
upstream of the glacier was dry, mainly due to the block caused 
by the Khurdopin, but also undoubtedly owing to the early month 
of the year. Visser recorded that he was unable to find any trace 
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of a previous lake above the glacier. It seems to' me quite clear 
that the Shingshal waters are able to maintain their channel either 
underneath or round the ice of the Yazghil, especially as neither 
Montagnier nor Morris recorded any lake or block in 1927, and the 
valley does not appear to have been blocked in recent years. 

The movements recorded above are almost certainly periodic, 
and no secular variation in the snout has yet been observed. 


14. Khurdopio Glacier. 

Sheet, 42 P ; Type, transverse ; Length, 26 miles ; Height of Snout, 
10,600 feet; Fall, 9,000 feet (346 feet per mile, 6‘6%). 

The first European to see the Khurdopin glacier was Bridges, 
in 1908, but nothing was known about its great extent till the im¬ 
portant discoveries of the Vissers in 1925, when it was accurately 
surveyed throughout its entire length.^ 

Visser considers that it is ‘ more transverse than longitudinal.’ 
He is probably correct in surmising that some of its ice-supply is 
derived from the great snow-lake source of the Biafo glacier, that 
enormous reservoir above the permanent snow-line which would 
be capable of maintaining the Hispar, the Biafo, the Khurdopin 
and the Virjerab glaciers. 

The Khurdopin glacier is compound, with two large head-basins 
and numerous side-glaciers which add their ice to the main trunk. 
The bed of the Khurdopin is deep compared with that of its tribu¬ 
taries. 

The longitudinal profile of the Khurdopin glacier has a very 
large break close to the southern side-branch, and although the 
glacier below this ice-fall traverses an evenly sloping valley-bed, 
with a gradient of about 3‘8 percent, the surface of the ice through¬ 
out is broken up into typical trans-Muztagh ice-pinnacles. Only 
in the last 3 or 4 miles do they change to more roimded forms, 
towers and humps covered with debris. It is also only in these last 
3 to 4 miles that the debris is present ; for the rest, moraine is 
represented by two dark median lines. 

^ Bridges records: * Ai various times men have been sent by the Mir of Hunza 
to try and penetrate to their head [of the Khurdopin and Virjerab glaciers] but they 
have always returned unsucoessfuL One levy, by name Murad Beq, who accompanied 
me, had l^n four marches into both of them during the time of Rajah Ghazan ^am 
He said he could see no signs Ot the heads of the glaciers and returned as he had finished 
his rationt.* 
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Among the pinnacles, crevasses are rare, and surface water 
between the towers and pinnacles forms for long distances broad 
and deep impassable rivers. 

An ablation valley along the northern bank is present, filled 
in its lower course with stream-deposits, which give a good soil for 
countless beautiful Alpine flowers, and lakes. Many of these small 
glacial lakes would be dangerous to anyone camping below them 
in the valley. On the southern bank the ablation valley only ex¬ 
tends for about two miles. Here the formation is complicated by 
the junction of the Yukshin-Gardan tributary. 

Visser notes that the Khurdopin glacier has a very small n6v6 
area of only 66 square kilometres. The region of melting is 184 
sq. km. The relationship is therefore approximately 1 : 3. Obser¬ 
vations of the Khurdopin glacier are summarized below. 

1908. Captain Bridges writes:—‘The Kurdarpin and Shung- 
dickt ^ glaciers have swept down through their own 7 ?idto/j-beds, 
and meeting in the main nullah * have gradually moved on down, 
till they now extend in one huge glacier filling the entire main nuUah- 
bed for a distance of about two miles below the mouth of the Ver- 
gcrap nullah and within about \\ miles of the upper snout of the 
Yarsghil.. .The united glaciers of Kurdarpin and Shungdickt, sweep¬ 
ing past the mouth of the Vergerap and impinging along the whole 
4;liff-face below Vergerap for about 1^ miles, have enclosed a large 
open space at the mouth of the Vergrap nullah^ 


* ».e., the Yukflhin-Gardan glacier. 

* t.e., the main Shin^^al v^ey. 

* I quote here in full from Captain Bridges’ report, bo far unpublished, for it gives 
a good account of how it is possible for a glacier to act as a weir and to allow the waters 
of the lake to disperse gradually :— 

‘ I went to the edge of the dam, overlooking the above space. It is difficult to 
estimate its size accurately, looking down on it like this ; but 1 should say roughly that 
it extends for about 3 or 4 miles in length and varies in width from 100 to 300 yaiib at 
its base, and would of course increase in width as the water rose. At present there is 
water in it for about a mile in length ; but it is impossible to make any accurate estimate 
of its depth. The local men estimate its present depth at the lower end at about 20 or 
30 feet. 1 should not think it was more. Some of the Hunza men got down by ropes to 
the lake to try and measure its depth, but had to abandon the attempt, owing to falling 
rooks and debris. I could see the water-line of last year's flood on the rocks and should 
say that the water did not reach a greater height than 200 feet, though this is a rough 
gum, as without proper surveying instruments, it is impo^ble to make an accurate 
ostimate. The surveyor however sent up by the District Ihigineer will be able to do this. 
The water in the lake, I am told by the local men, stretched as far back as the snout of 
the Vergerap glacier last year, and I could see the water-line on the rooks of the Vergerap 
9wUak, The water, according to the men told off to watch it, rewe last year till it over¬ 
flowed Uie toj) of the glacdeV, where it impinges on the nght bank, and then cut its way 
plean through the glacier. This is undoubtedly true. There is an enonnons channel, 
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1913. Captain Turner reports that the snout of the Khurdopin 
glacier ivas still right across the main valley. He crossed the snout, 
the width of ice being estimated by him to be about three miles. 
At the extreme end it was approximately 200 feet deep, and there 
were many crevasses closed by ice-bridges, under which the main 
river found its way. There was no lake upstream of the glacier in 
April of this year, but Turner considered that it would be possible 
at any time for the crevasses to be closed and a complete block 
formed {private letter). 


about 160 feet deep and 80 to 100 feet wide, cut clean through the ice like a huge canal, 
at the lower end of the lake. This has water in it now. I went to the edge of it and looked 
down into it, and have told the surveyor to go to the same place and measure the 
depth of the water with a plumbdine. This canal is closed by an ioe-dam now lower 
down ; this dam is, I should say roughly, about half a mile, or perhaps a little less, 
from the outlet of the lake. It is impossible to find out what is the nature of the glacier 
between this dam and the snout along the right bank. Last year's flood has broken up 
the glacier a good deal, and left enormous crevasses all along its right bank, and con¬ 
sequently it is impossible to reach this part. One of the Hunza men managed with 
difficulty to reach a spot from which he could see the dam blocking the canal, but could 
get no further. From questioning him I should say it was about 100 feet above the pre¬ 
sent water-level. The water breaking through last year has caused the whole of the 
glacier on the right bank to sink a good deal. The centre remained much higher; but 
both on the right and left banks of the nullah^ the glacier is at a much lower level. There 
was a perpendicular wall of ice with no ap|Mrent fissures about 100 or 150 feet from 
the auZki/i-bed across last year’s outlet, which is now closed. The distance between 
the snout near the right bank and the ice dam in the canal is, T should think, roughly 
about j of a mile. My camp was in the nullah within 200 yards of the snout of the glacier. 
My aneroid showed a rise of 800 feet from my camp to the highest point in the centre of 
the glacier between my camp and the lake. The distance from my camp to the lake was, 
1 should say, about 2 miles.’ (The District Engineer comments that the loweM point of 
the dam is 180 feet above the present water-level in the lake.) 

‘ Unless the glacier moves forward again and piling up against the hill, closes lost 
year’s channel, I should say that the lake will not rise as hi^ this year as it did last, 
ab all the local men agree that last year’s bimd was a good deal higher. There is on the 
other hand the danger of the bund this year suddenly bursting when the lake is full, 
instead of the water gradually cutting a way as it did last year. The water last year 
from the lake took eleven days to empty. Hence the small rise of water. If the canal 
dam suddenly broke or the water forced a way under the glacier, the lake would empty 
in a few hours and a very la^e volume of water would come down, if the lake was full 
at the time.’ (The District Engineer comments that ** from the end of the canal to the 
snout of the glacier on the downstream side is one mile. The existing dam is therefore 
very strong.”) ‘ I think the water this year is bound to foUow the same course as last 
year, as the stretch of canal left by last year’s flood will bring the pressure to bear chiefly 
on this portion of the glacier. I placed three pillars of stones in a line, close to the pre¬ 
sent canal, so that the surveyor, while working there, can watch them, and see if the 
glacier is closing in on the canaL The local men tell me that the channel is narrower 
now than it was after the flood last year.’ 

The District Engineer has made a few comments in the margin of the report. He 
remarks that the area available for the lake above the Khurdopin glacier is 2 miles long 
with a mean width of 1 mile; that the lower end of the lake at the time of the surveyor’s 
visit was calculated at 150 feet, and that the water-level rose, according to the mark 
pointed out by the local people, 140 feet above the existing level. The mean width of 
the channel out by the 1907 flood was 5Q feet and its depth 100 feet. The glacier y^as |iot< 
closing in on t^e oha^eU 
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1925. The Vissers found that the glacier had definitely turned 
down the main valley, and completely blocked the valley. A 
considerable lake had formed upstream of the block, and only a 
small portion of its waters found an outlet beneath the glacier. 
Visser noted the terraces along the banks of the lake above the exist¬ 
ing level of the wati^r, and calculated that about 360 to 480 millions 
cubic metres was about the capacity of the lake when full {Zeits- 
chrijt fur Gletscherkunde, Bd. xvi, 1928, pp. 203-206 ; see also Among 
the Karakora7n Glaciers, pp. 128, 136; and Geographical Journal, 
Vol. 68, pp. 464, 465). 

Conclusion.—There is no doubt that this is the glacier that has 
been periodically responsible for the floods of the Shingshal valley. 
These floods are known to have occurred in 1884, 1893, 1906, 1906, 
with minor ones in 1907 and possibly 1927. There is constant danger 
-of a complete block. Probably at the season of the year from July 
to September there is always a lake, for the drainage into the lake 
then exceeds the percolation out of it. In April, 1908, there was a 
lake, but in April, 1913, there was none. These two years are com¬ 
parable, for the observations were taken at the same season. The 
height of the ice at the end was 330 feet in 1908, and estimated at 
2(K) feet in 1913. Its width in 1908 was about 1| miles ; in 1913 
it was estimated to be 3 miles wide. The years 1905 to 1907 are 
known to have been during a period of advance. The flattening 
of the snout and its spreading are signs of retreat l)etween 1908 and 
1913. The observations of 1926 are not directly comparable with 
the earlier ones, but Visser also records signs of shrinkage in volume, 
and the side tributaries, particularly that on the right bank, show 
marked signs of great degeneracy. 

As with all glaciers projecting into a river-bed it is not easy to 
draw definite conclusions, nor to state whether there is any perio¬ 
dicity.in the movements. It is, however, a fair assumption that the 
movements causing the blocks are either seasonal or periodic, and 
not secular, while if there is any secular vaiiation the decrease in 
volume and degeneracy seem to point to secjular retreat. 

15. Virjerab Glacier. 

Sheet, 42 P ; Type, longitudinal; Length, 24 miles ; Height of Snout, 
11,320 feet; Fall, 4,800 feet (200 feet per mile, 3*8%). 

The Virjerab glacier fills the head of the longitudinal trough of 
^he Shingshal valley. Its snout was visited by Captain Bridges ip 
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1908, and by Captain Turner in 1913, but no part of it was explored, 
nor was its great eictent known until the visit of the Vissers in 1926. 
V'isser himself says that no other glacier gave them such cause for 
astonishment as this, for no part of the true body of the glacier 
ascends above the permanent snow-line. It, therefore, haft no n6v6 
area of its own, and is fed almost exclusively by avalanches. At 
its extreme southern end it is joined to the permanent snow-line of 
the main range by steep broad ice-couloirs, and the range here 
probably is the boundary ridge of the great snow-lake described by 
Conway, which certainly feeds the Hispar and the Biafo glaciers 
and very possibly the Khurdopin and to some extent the Virjerab 
as well. The tributary glaciers also are insignificant, and Visser 
estimates that the whole n6v4 area of the main glacier and its tribu¬ 
taries combined is only one-fifth of the area under melting. For 
ten miles from its snout its surface is entirely covered with a thick 
deposit of rubbish. Ablation valleys were scarcely visible, being 
presumably filled by disintegrated rock debris, which daily tumbles 
down in large quantities from the mountain-sides and immediately 
mixes with the debris on the glacier. 

1908. According to the surveyor sent up by the Gilgit Engineer, 
the Virjerab glacier snout was 2 miles from the east wall of the Khur¬ 
dopin, At the time of Bridges’ visit the extent of the lake was 
one mile in length. 

1913. Turner found the snout of this glacier from half to three- 
quarters of a mile only from the east side of the Khurdopin glacier. 
As mentioned above, when describing his observations of the Khur¬ 
dopin, no lake had then formed between the two {private letter), 

1926. The Vissers foimd that the snout was approximately IJ 
miles from the east wall of the Khurdopin, and drained into the 
lake upstream of the latter. This lake has been briefly described 
above, and full details are given in Among the Karakoram Glaciers, 
pp. 130 et seq. Without knowing Turner’s observations Visser con¬ 
cluded that the Virjerab glacier was retreating. On the banks 
there were clear signs of a higher position of . the ice not very long 
ago, and Visser thinks that at that time the glacier probably joined 
the Elhurdopin. 

Conclusion .—It is difficult to see how this glacier with its com¬ 
paratively small area of n6v6, can maintain so great a iexigth,. and 
everythin seems to point to defiiute secular retreat*' The . whole 
of ifee last ten miles of the glacier appears to be in a djdng .conditioii 
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Nor do the ranges bounding the trunk of the glacier seem high 
enough to maintain a sufficient supply of ice to feed the glacier. The 
absence of terminal moraine-banks is curious, but they are probably 
levelled by the action of the lake. The waters of this glacier will 
always remain a danger to the Shingshal valley as long as the Khur- 
dopin glacier projects so far into the valley. 

The mountain-walls are here in such a constant state of denuda¬ 
tion and change, and so much rock is thrown upon the glacier, 
that, in spite of the paucity of observations, it seems to me that 
this glacier is very definitely shrinking both in length and in volume. 

(6) (iii) Miscellaneous claciers of the Khunjerab-Ghujebab rfoion. 

The four glaciers of which brief details are given below, have 
only been examined by the Vissers, and the notes that follow are 
abstracted from their writings in Zeitschrift fur GletscherJcvnde, Bd, 
xvi, pp. 210-213. The four glaciers arc :— 

(16) Parpik (Bara Khim group), 

(17) Kiiksel (Ghujorab group), 

(18) North Maidur (Shingshal group), 

(19) South Maidur (Shingshal group). 

Visser says that these have the following features in common :— 

(a) Very little moraine rubbish, (h) a steady gradient, (c) few 
medial crevasses, and therefore (d) few seracs. In consequence, 
there are surface river systems, but except on the North Maidur, 
no lakes exist either on or beside the glaciers. Ablation valleys are 
present, but are not well-marked. 

16. Parpik Glacier. 

Sheet, 42 P ; Type, Transverse ; Lengthy 8 miles ; Height of Snouts 
14,300 feet; Fall, 600 feet per mile (9*5 %). 

1925. The glacier has a small break in its otherwise even fall, 
and consequently an ice-fall in its lower course.- The broad swollen 
snout ends in an almost perpendicular wall, pushing forward rub¬ 
bish and causing havoc among the grass and flowers at its edge. 
No marked terminal moraines indicated former advances, but the 
right valley wall above the snout showed signs of a wider and higher 
situation for the glacier not very long ago. Further down the valley 
the slopes were so covered with boulders that no conclusions could 
be formed. 

F 
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Conclusion.- The glacier is imfloubtedly advancing, and tkis 
advance is almost- certainly periodic. The snout in 1925 was typical 
of an advancing one. Over long periods of time, however, there are 
indications of diminishing volume and secular retreat. 

17. Kuksel Qiacier. 

Sheet, 42 P ; Type, Transverse ; Length, 4 miles ; Height of Snout, 
15,000 feet; Fall, 500 feet per mile (9-5%). 

1926. Visser does not give any details of the Snout, but concludes 
that it is stationary. 


18. North Maidur Glacier. 

Sheet, 42 P ; Type, Transverse; Length, G miles; Hnght of Snout, 
14,930 feet; Fall, 330 feet per mile (6-2%). 

1925. Visser observed that the glacier consisted of two hranches 
which unite about 2 miles from the snout. Both hranciies have no 
snowfields and lie in enclosed basins. He concluded that the glacier 
was certainly not retreating, but was probably stationary. 

19. South Maidur Glacier. 

Sheet, 42 P ; Type, Transverse ; Length, 1J miles ; Height of Snout, 
14,000 feet; Fall, 2,000 feet per mile (38%). 

1925. The Vissers observed a dead end to this glacier, the snout 
being detached. They suggest that this end may have been de¬ 
tached by an earthquake, for it was covered by rubbish and was 
therefore existing under unfavourable circumstances. In the living 
part of the glacier there was a strange phenomenon: the. living 
end divides into two short tongues, one of which shows every sign 
of retreat, while the other indicates rapid advance. 

PART II. BALTISTAN LADAKH. 

(a) (HjiClEAS SOUTH OF THE MUZTAQH-KARAKORAM RANGE. 

The BraIiDoh Valliy. 

20. Biafo Qiacier. 

Sheet, 43 M; Type, Longitudinal (mainly); Length, 37 miles 
(inelfidiag Snow Lake); Height of Snout, 10,3^ feet; Fall, 16,290 
t. 10,360 from edge of Snow Iiake to snout, 28 miles (212 feet per 
mile, 4*0%). 
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The Biafo is the fifth longest glacier outside sub-Polar regions. 
It descends from an enormous snow basin which has an area of 
some 25 square miles. This enormous reservoir, which has been 
des(*ribed as a region ‘ drowned in ice/ though seen by Godwin 
Austen, 8ir Martin Conway and the Workmans, has not yet been 
fully surveyed, but it is believed not only to supply ice to the Biafo 
glacier, but to force ice over the Hispar pass to the Hispar glacier 
and over the main Muztagh range to the beads of the Sbingsbal 
glaciers, the Virjerab and Khurdopin. The Biafo glacier itself is 
fed b}’’ some ten })ranches on the southern side, but with the excep¬ 
tion of the Latok glacier, there are none of any im])ortanc^ on its 
northern aide. Tlie ratio of su})ply area to waste area is as large as 
3 :4. Near the entrance to the Snow Lake the glacier has a width 
of almut 2^ miles, but it narrows to a mile at six miles from the 
snout. It is possible that this narrowing is partly responsible for 
the marker 1 variations of the snout, w'hich are unusual for a glacier 
of so gentle an averagr^ fall. The longitudinal profile is broken at 
two places, at six and at eleven miles from the snout. 

The following are the most, important observations that have been 
made regarding the snout variations of the Biafo glacier 

1861. Godwin Aust^en surveyed the glacier and found the snout 
filling the whole Braldoh valley from one side fo the other, and 
resting on the rocks of Mango Gusor on the left flank of the valley, 
in such a way that the Braldoh river, containing mainly the waters 
of the Punmah and Baltoro glaciers, flowed in a tunnel underneath 
the ice. His map shows a complete block and the track is shown 
crossing the glacier milei^ from the snout. 

1892. On 31st July, Sir Martin Conway found the snout a quarter 
of a mile away from the Mango Gusor wall of the valley, and noted 
that during August of that year it lost another quarter of a mile 
As it withdrew, it left before it a wide moraine covered with earth 
and vegetation. 

1899. The Workmans found the glacier so shrunk that it barely 
reaiihed the outlet into the Braldoh valley at all. It would then 
have been about a mile from the Mango Gusor wall on the left Imnk 
of the river. 

1902. According to Guillarmod, the glacier had again advanced 
as far as the right bank of the Braldoh river driving before it a low 
frontal moraine. Dr, Pfaunl, of the same expedition, does not 
mention this frontal moraine, and describes the Biafo as a mass 

F 2 
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600 to 700 feet thick, protruding across the valley, squeezing the 
Braldoh into a narrow bed, and ending with a steep snout 400 feet 
above the river {Mitt. d. Geog. Oes. Wien, 47, 1904, p. 256). 

1905. Colonel Penny records from memory in 1928, that in 1906 
the low snout of the Biafo glacier was a mass of fissured broken 
ice ‘ extending to the right side of the Braldoh river and there 
seemed no practicable passage there.’ His guides confirmed the 
Workman’s statement of 1899 (private letter). The low fissured 
snout indicates that the glacier was now retreating and diminish¬ 
ing in volume. 

1908. The Workmans on their return to the region noted that 
the Biafo was practically in the same position as they had found it 
in 1899. If this observation is correct, the glacier must have grown 
and shrunk again between their two expeditions. 

1909. De Filippi, during the Abruzzi expedition, found the 
glacier projecting right into the Braldoh valley, and thought at 
first that it blocked the river. He writes : ^ It was only when on 
our return journey we ascended the left side of the Braldoh valley 
on the Skoro La road that we clearly saw the river flowing under 
the open sky through a narrow gap between the valley wall and 
the steep front of the glacier. The latter showed no trace of frontal 
moraine. It is, however, possible that at some point of the left half 
of the glacier the ice may bridge over the river and actually reach 
the rock ’ {Karakoram and Western Himalaya, p. 165). 

1922. Peatherstone found the snout right up to the Braldoh 
river, and according to natives it had been so for two years. They 
also said that the glacier was forcing the river to cut into the oppo¬ 
site bank, causing great land-slides {Geographical Journal, Vol. 67, 
1926). 

1923. Egeberg reported that the Biafo stream could be crossed 
below the snout of the glacier owing to the retreat of the latter 
{private communication). 

Conclusion .—It is unusual for a longitudinal glacier with so 
gentle a fall to show such marked periodic or seasonal movements, 
apd it would be well worth studying this glacier more carefully and 
in more detail, in spite of the fact that end erosion must to some 
extent vitiate the observations when the glacier actually projects 
into the river-bed. It is inconceivable that this glacier could block 
the combined waters of the Punmah and Baltoro glaciers, which 
should always be able to maintain a cannel. 
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The period 18G1 to 1892 is too long, in view of later observations, 
to assume that the snout remained more or less stationary during 
that period ; but from the latter year to 1899, there seems to have 
been a steady retreat. A sudden advance then set in, but by 1905 
degeneration und retreat had again commenced, reaching a maxi¬ 
mum about 1908. Another rapid advance had set in by the follow¬ 
ing year, and the glacier was in approximately the same position 
in 1922, though again beginning to retreat. 

These movements must be considered seasonal or periodic. The 
fact that the snout was in practically the same ])Osition in 1861 and 
in 1922 seems to indicate that there has been no secular movement 
of any importance during these sixty years. 

21. Punmah Glacier. 

Sheety 43 M; Type, Transverse, compound with longitudinal 
tributaries ; Lengthy 17 miles to head of Nobundi Sobundi branch ; 
Height of Snoiity 11,900 (?) ; Fall, unknown. 

The Punmah glacier ^^as first visited by Eudolf Schlagintweit 
in 1856, and first sketclied by Godwin Austen in 1861, but neither 
of the two great western longitudinal tributaries, the Choktoi Cans 
or the Nobundi, Subundi, were actually visited by him. He did, 
however, exjdore the eastern longitudinal branch of the Chiring 
glacier, but failed through bad A\eather to reach the western Muz- 
tagh })ass at its head, leading to the Sarpo 1/aggo glacier tributary 
of the Shaksgani. He vas followed in 1887, by Sir Francis Young- 
husband, who, however, did not reach the jrass; by Featherstono 
in 1922, who reached the mouth of the C'hiifiig glacier; and by a 
party from tin* Duke of Spoleto's expedition in 1929. The observa¬ 
tions of the last are not yet available. 

Godwin Austen recorded that the glacier had in 1861 advanced 
so as to cover the path for some distance, but no observations of the 
position of the snout appear to have been made by any of the later 
travellers, though there are reports that the pass has been blocked 
by an increase of ice near the summit of the main range. Such a 
statement must be accepted with reserve. 

22. Baltoro Glacier. 

Sheety 52 A ; TypCy Longitudinal; Lengthy 36 miles ; Height oj 
SnovUy 11,580 feet; Fall, 450 feet per mile (8*6%). 
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The head basin of the Baltoro glacier is complicated. The 
extreme point of the main trunk lies south-east of Gasherbrum, 
but it is joined almost within 10 miles by masses of ice from the 
northern flanks of the ‘ Bride Peak and some 20 miles from the 
snout the great northern tributary, the Godwin Austen glacier, 
draining three sides of K^, joins it at Concordia. The glacier re¬ 
ceives numerous smaller tributaries, tiiough still of much import¬ 
ance, on both flanks, tliroughout its length. There are no marked 
ablation valleys between the main body and the valley walls, but 
at one or two spots the glacier leaves an open space. 

Godwin Austen in 1861, was the first to realize the great lengtli 
of this glacier and to put it on the map.^ In 1891, Sir Martin 
Conway made a large-scale survey of the main glacier as far as the 
Golden Tlirone {The Karakoram Utmalayaa, Sheet II, })ublished 
by the Royal Geographical Society, scale 1 inch — 2 miles). For 
his description, see Climbing tn the Himalayas, The whole of the 
upper 27 miles of the glacier and its brancli tributaries were re- 
surveyed on the Duke of the Abruzzi’s expedition of 1909, and 
described by Sir Filippo De Filippi in his book, Karakoram and 
Western Himalaya. 

A further survey has been made by stereography by the Duke 
of Spoleto’s Italian expedition of 1929. The details of this are not 
yet available. 

1861. Godwin Austen visited and surveyed the glacier. 

1892. From Conway’s photographs, the snout appears to be in 
the same position as in 1861, though Godwin Austen himself con¬ 
sidered that the glacier had advanced slightly down the valley. 

1902. Dr. Pfannl show.s an illustration in Zeit, d. deut. u, oest, 
Alpenver, 35, 1904, p. 96, which indicates that the Baltoro '«nout 
was in the same position in 1902 as in 1892 and 1909. 

1903. Montagnier reported to De Filippi in 1910, that in 1903 
he found the glacier more to the right side of the valley and press¬ 
ing against the right moraine. If this observation is reliable, it 
would appear that the glacier was then about 300 yards in retreat 
from its position in 1892, 1902 and 1909. 

1909. De Filippi writes: ‘ The snout of this glacier still cor¬ 
responds absolutely with the description of it given by Conway in 
1892. It may possibly be stationary, but certainly shows no sign 

^ The Baltoro tfUokr is beUered to be equal in length to the Batora and therefore 
the sixth longest |paeier outside sob-Polar regions. 
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of shrinking ’ (Geographical Journaly VoL 67, p. 20; photographs 
in Karakoram and Western Himalagat p. 174). 

Conclusion. —There appears to be practically no periodic move¬ 
ment ; the glacier would therefore be suitable for secular observa¬ 
tions, and marks should be carefully made for this purpose. 

The Nubra Valley. 

As yet we arc not in a position to draw conclusions regarding 
advance or retreat of the glaciers of the Nubra valley. Practically 
every observer has drawn attention to the fact that the great longi¬ 
tudinal valley glacier, the Siachen, at one time occupied the whole 
Nubra valley down to its junction with the Shyok. Drew mentions 
this fact and gives the total depth of the glacier as having been about 
4,000 feet. Subsequent travellers doubt this great depth, but all 
agree that the solid rock for hundreds of feet above the river has 
been polished, rounded, and scratched by pressure down to the 
Nubra-Shyok junction (LongstafE, in Geographical Journal, Vol. 35, 
p. 640 ; Visser in Zeitschrift fur Gletscherkunde, Vol. xvi, p. 229). 
If further evidence were needed, it is to be found in the condition 
of the tributaries. The glaciers were first left hanging above the 
Nubra valley, when the main glacier retired ; since then they have 
retreated, and their waters, laden with moraine, have carved narrow 
marginal gorges (Records of the fyiirveg of India, Vol, 22, p. 15). 

The glaciers about whose snouts a little is knowm are only two : 
the Siachen and the Mamostong.^ Visser draws tentative conclu¬ 
sions from four or five small glaciers of the Tliulanbuti stream, des¬ 
cending from the Saser pass, and the two glaciers of the Popache 
liungpa. These last he places in his Saser group. He writes: 
‘ A very considerable part of the group is entirely covered with 
n6v6, from which streams of ice pour down to the valleys. The 
plateau out of which the range rises, is itself at a considerable alti¬ 
tude, One would expect a far greater development of glaciers than 
there is, when one considers the uninterrupted covering of ice and 
snow, and the great altitude of the most important peaks of the 
central zone. There are indeed numerous glaciers, but of all those 
we examined, only one attained a length of 10 kilometres, and not 
one extended below 4,800 metres. The n4v6-Iine, or the temporary 
snow-line, was about 5,500-5,600 metres, ccmsiderably higher than 

^ The IHamostong was shown on old maps as Murgisthang 
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in the Himza region. Till about half-way down there is not much 
debris on any of the glaciers; but then it increases rapidly, so that 
usually the snout is buried under enormous masses of rock, which 
therefore points to increasing ablation. The gradient of the tongue 
is generally regular, and for these short glaciers (excluding hanging 

glaciers) is comparatively small, 11-14%.As everywhere else in 

the Karakoram, here too we found ablation valleys,-—so charac¬ 
teristic of these warm regions.We received the impression that 

the glaciers in the part of the Saser group visited by us were, on the 
whole, advancing. Nearly all of them ended in a very steep snout, 
which was pushing moraine material in front of it. The Chang- 
molung glacier was an exception; it ended in a flat tongue. As 
only two Europeans, Longstali and Neve, had previously been into 
this region, and only into one valley, there was no information 
about these glaciers that we could use as a basis for comparison. 
Whether the glaciers have lately been growing or otherwise we must 
therefore leave an open question; but there is evidence that not 
long ago, they were of greater extent than they are now’' {ZeitH’ 
chrift fiir Gletscherkunde, xvi, pp. 217-222). It seems to me that 
the advances indicated by Visser are periodic. Neither Longstaff 
nor Neve venture any opinion as to whether the glaciers were ad¬ 
vancing in 1907 and 1909, nor do they give any clear indication of 
the positions of the snouts. 

Two glaciers only will, therefore, be described in more detail in 
the Nubra region, the Siachen and the Mamostong, and even from 
these no conclusibns can be drawn. 

23. Siachen Glacier. 

Sheets, 52 A and E; Type, Longitudinal; Length, 45'miles; 
Height of Snout, 12,160 feet approximately.^ Fall, 194 feet per 
mile (3*7%). 

The Siachen glacier is the longest glacier * outside Polar or 
sub-Polar regions, but its great length was unknown until the ex¬ 
plorations of Dr. Longstaff in 1909. As long ago as 1848 Henry 
Straohey ascended the glacier for two miles. He remarked on the 

^ Longstaff ^ve« the height of the snout as 11,600 feet while the gazetteer gives 
11,700 feet, derived from Henry Strachey’s hguro. The height 12,160 is from the survey 
of 1862.* Probably none of these ean be relied upon to within 300 feet. 

* Since the above was written 1 have been informed by Mr. Rickmers that the Fed- 
chenko glacier of the North-Western Pamirs has been found to ^ 48 miles long. The 
fiiaehen glaoier is therefore the second longest glacier outside sub-Polar regions. 
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even level maintained by the glacier, the abrupt contact of the ice 
with its confining walls, the unusually large amount of bare ice 
exposed by the moraines and the excessive crevassatioii of the ice 
{Physical Oeoyraphy of Western Tibet, p. 53). The snout was also 
reached in tlie same year by Dr. Thomas Thomson, and recon¬ 
noitred by the Survey of India in 1862. Unfortunately the position 
on the maj) cannot be relied on, and little information of importance 
can be gleaned till Longstaff visited it in 1909. His discoveries of 
that year and the detailed surveys of the Workmans in 1912, show 
that no big glacier tributaries actually join the main glacier in the 
first 25 miles of its length. Some four miles from the snout, how¬ 
ever, the Vissers in 1929 discovered the snout of another large 
glacier distant some six miles from the Siachen. Their report on 
these will be awaited with interest. 

A little over 25 miles from the end of Siachen glacier, the Lolo- 
fond and the Teram Slielir tributaries (the latter 15 miles long) join 
the main trunk from the west and east respectively. Beyond this 
again the head is sj)lit in t^\o by a range descending from Gasherbrum 
in a south-east direction, 

Longstaff ventures a suggestion that the glacier has advanced 
between 1862 ^ and 1909, from an examination of the difference of 
height at the snout between the two dates, but these heights cannot 
be considered of snflieient aeiuiracy to warrant such a deduction, 
and the ajipioxiinate value, 12,150 feet found by the Survey of 
India in 1862 definitely {)recludes this untrustworthy evidence. 

The snout of this glaeitu is unfortunately difficult to approach 
between the months of June and October, and so it is inaccessible 
to most travellers to the Nubra. But it would be of value if its 
position could be marked, so that further observations could be 
made occasionally. 


24, Mamostong Glacier. 

Sheet, 52 E; Type, Longitudinal; Length, 10 miles; Height of 
14,550 approximately ;/"«//, 500 feet per mile (9'5%). 

Dr. Arthur Neve in 1907 was the first to explore this glacier. 
He records that the lower 6 miles were a mass of chaotic ice hum¬ 
mocks and moraines, and that it is joined by extensive transverse 
ice streams pouring in on each side, those on the .east coming from 

^ Pfommably he moans 1848, the year of Henry Straohey*s visit. 
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precipitous peaks, those on the west flowing from wide simw-flelds. 
Neve writes: ' There were no signs of any recent retreat of the 
snout; the lateral moraines are only well-marked for about a hundred 
yards beyond the present ice-cave, from which part of the river 
originates. There is a second source several hundred yards to the 
left (north-west) along the ice-wall, which varies from 60 to 100 
feet high. The portion of the snout which crosses over the valley 
and rests against the southern slopes was nowhere more than 200 
feet high and 100 yards broad, and the large stream from the Saser 
pass tunnels under it. Above the tunnel is a small sandy plain 
about a quarter of a mile long, and half that breadth, which looks 
like a recent lake-bed, and evidently within the last ten years the 
Murgisthang ice must have temporarily blocked the Saser stream. 
Tlie conformation of the grassy plateau beyond this to the east 
shows that the next glacier in that direction, now nearly 2,000 feet 
higher, has previously covered it . . Where glaciers have shrunk 

the old lateral moraines usually make good walking ; but we found 
evidence of growth, fresh ice and debris invading the hill-side witli 
no definite lateral moraine for some miles * {Thirty Years in Kashmir^ 

pp. 260, 261). 

I can find no other observations relating to the snout of the 
Mamostong glacier. In 1926, we found the glacier in practically 
the same position as that noted by Neve 19 years before, though it 
seemed to me to be flatter than he describes. This was, however, 
normal summer ablation. The main stream of the Saser now found 
a way partly round the foot of the glacier, and was carrying away 
the debris that constantly fell ofi the glacier snout. No moraines 
were noticeable, probably for this reason; but the appearance gave 
me the impression that it was slowly shrinking in volume. 


(6) GLACIERS NORTH OF THE MUZTAQH-KARAKORAM RANGE. 

The Shaksoam Valley. 

Three glaciers, the Gasherbrum, the Urdok and the Kyagar, 
havie been obserted, and all at the time of observation protruded 
into Of across the main valley of the Shaksgam. There is certainly 
one, and almost as certainly two glaciers, which project into the 
Bhaksgam vaH^ -between the Urdok and the Kyagar. Nothing is 
known of the western of these. The eastern, which drains the north- 
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ern slopes of Teram Kangri, seems to extend right across the Shaks- 
gam bed, but no lake appeared to be held up by it in 1920.^ The 
most striking feature of all these glaciers is the immense size of the 
ice-pinnacles, caused by radiation and evaporation in an intens(ily 
arid region. A large amount of snow is deposited on the icy Muz- 
tagh range, the northern walls of which are clothed in ininiense 
accumulations of neve, forming large reservoirs of supply for the 
glaciers. The beds of these transverse glaciers have very siuall 
gradients, wliich fact, taken in conjunction with the large surface 
exposed to ablation by radiation and evaporation, probably accounts 
for their lengths being comparatively short. 

There is to my mind no doubt that the whole of the Shaksgam 
valley was at one time filled with an immense glacier, stret<-hing 
at least as far as the liflok snout and probably further (Hecfyrds of the 
Survey (f Ffulidy Vol. 22, p. 87 ; the Shaksgam valley is fully 
dese.ribed in this volume, chapters vii and ix). 


25. Gasherbrum Glacier. 

Sheet, 52 A ; Type, mainly transverse; Length, 12 miles approxi¬ 
mately ; Height of Snout, 13,000 feet approximately; Fall, about 
6,000 feet in 12 miles (500 feet per mile, 9’6%). 

In 1889, Sir Francis Younghusband passed the snout of this 
glacier, but did not explore it. He saw it again from the ridge 
between it and the Urdok glacier ; it w^as once more seen in the 
distance from the Sella pass in 1909, during the Duke of the Abruzzi’s 
expedition ; and it w as passed by a party of the Duke of Spoleto s 
expedition in 1929. It apj)ears to drain the whole eastern slopes of 
Broad Peak and the nortliern face of Gasherbrum III. As yet 
it is unexplored {Karaloram and Western Himalaya, panoramas F 
and I). 

Younghusband found the snout of the glacier protruding right 
across the valley of the Shaksgam and nearly touching the cliffs 
on the right bank. Fortunately the river had kept a way for itself 
by continually washing away the end of the glacier, which termi¬ 
nated in a great w'all of ice 150 to 200 feet high. The passage 

‘ The glaciers of the Shaksgam form a oorions parallel to those of the Shlngshal valley. 
Both vaUeys oontain a glacier near the head (the Kyagar and the Khurdopin) which im¬ 
pound oonaiderabk) lakes; and the glaciers of both valleys bolo^ these dams, though 
stretohiog into the river-bed, do not seem to cause dangerous blocks. The counterpart 
of the Virjerab is, however, absent from the Shak sg a m valley. 
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round the end of the glacier was not unattended with danger, for 
the stream was swift and strong {Proceedings^ Royal Geographical 
Society, Vol. 14, p. 210). From a letter received from a member 
of the Duke of Spoleto’s expedition the glacier seems to have been 
in approximately the same position in 1929, but details are not 
yet available (January 1930). 

26. Urdok Glacier. 

Sheet, 62 A; Type, mainly longitudinal, last 4 miles probably 
transverse; Length, 13 miles approximately; Height of Snout, 13,100 
feet approximately ; Fall, 164 feet per mile, approximately (2*9%). 

Sir Francis Younghusband is the only explorer to visit this 
glacier, and he traversed it to its head at a height of 17,000 feet. 
He describes it fully in Proceedings, Royal Geographical Society, 
Vol. 14, pp. 210-212. 

He gives the total length as 18 miles, but I find it impossible 
to fit this in with his sextant latitudes {Records of the Survey of 
India, Vol. 22, pp. 66, 67, 68). If, as I believe, the Workmans 
reached a col overlooking a head branch of the l^rdok, called by 
them the Indira Col, the length would be little more than 13 miles. 
It is notoriously difficult to estimate distances in such country as 
this. The n6v6 consists of a smooth undulating snow-field, about 
a mile and a half in width. Lower down the n6v6 is split uj) into 
crevasses, which increase in size as the glacier is descended. Then 
the surface is broken up into a mass of typical trans-Muztagh ice 
domes and pinnacles of pure white ice. On each side lateral moraines 
appear, and other glaciers join, each with its centre of white ice- 
peaks and its lateral moraines, preserving each its own distinct 
course down the valley, until some three miles from the snout the 
pinnacles are all melted to the glacier level, and the surface presents 
the appearance of a billowy mass of moraine. Sir Francis recorded 
that the Urdok glacier extended across the Shaksgam valley. 

In 1926, I did not see any part of this glacier, but was able by 
stereography to survey a portion of its eastern enclosing wall. This 
wall can be plainly identified in panorama F of De Filippi’s Kara¬ 
koram and Western Himalaya, taken from a ridge to the east of the 
Sella pass.^ In 1929, a party of the Duke of Spoleto’s expedition 
passed the snout of the glacier, but no details are yet available 

1 Oeograpkkal Journal, Vol 75, pp. 168,166. 
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(January, 1930), and we do not know whether they crossed the ice 
or were able to pass up the valley below the snout. 


27. Kyagar Glacier. 

Shed,, 52 E ; Type, transverse ; Length, 12 miles ; Height of Snout, 
16,560 feet; Fall, 220 feet per mile for last 9 miles (4'1%). 

This glacier has been observed by the members of my expedition 
in 1926. A detailed survey of a large portion of it was made by 
me by stereography on the scale of 1:60,000. A reduction of this, 
on the scale of 1 :100,000, is published in the Geographical Journal 
for October, 1927 (Vol. 70), and a complete map, incorporating the 
stereographic map and the planetable survey appears in Records 
of the Survey of India, Vol. 22, together with a detailed description 
and photographs. 

The glacier is supplied from the ice-clad slopes of the Apsarasus 
group (23,770 feet) of the Muztagh-Karakoram. It has an open 
n4vd basin lying under this wall, divided by two large spurs into 
three heads. Near the snow-line the glacier appears to be inter¬ 
sected by numerous crevasses, but from the junction of the head- 
branches, the combined ice-stream becomes a tumbled mass of 
pinnacles, which continue the whole distance of six miles to the 
snout, which extends right across the Shaksgam valley and is 
crushed and contorted against the marble cliffs on the right bank 
of the valley. There is no degeneration of the pinnacles near the 
snout, as there is with the Urdok glacier, and the surface ice at 
the end is mostly clear (though there is a lower layer of black ice 
containing englacial moraine), the walls of the glacier dam being 
some three hundred feet of sheer ice-cliff. During our visit in July 
falls of ice-pinnacles near the snout were not uncommon, while 
floating ice-floes on the dammed-up lake showed that the glacier 
was very much alive. .The snout had, however, spread laterally 
in the river-bed, and here attained a width of about two miles. 
Except for the ice-floes, there were no detached pinnacles and from 
the actual condition of the snout, it did not appear to be retreating. 
In July, the lake was over two miles in length ; by the end of August 
it had increased to a little over five miles. Above the previous 
year’s level of the lake, as indicated by the upper line of ice-blocks 
along the hill-side, there were other lines scratched on the slopes, 
ipflicating previous hi^er levels of the lake. The highest of these 
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was some 20 feet above tike present surface of the glacier, showing 
that a few years ago the glacier dam must have been higher than it 
now is. The rocks actually at the snout were polished and rounded 
for several hundred feet above the present level of the glacier, and 
I am convinced that at no very distant date this glacier turned down 
the main valley of the Shaksgam. There are marked lateral moraines 
on the w^est bank, and an ablation valley on this side, but only 
one medial moraine reaches the snout; this moraine maintains its 
course without spreading and without being encumbered by any 
continuous area of englacial moraine coming to the surface, though 
at the base of the pinnacles patches of moraine debris were com¬ 
mon. In the lower reaches true crevasses were the exception, and 
surface lakes were common, owing to the gentle fall. 

The glacier snout was reached by a small party of the Duke of 
Spoleto’s expedition of 1929, from down-stream. It appears to have 
been in much the same condition as when I discovered it in 1926. 
The valley was entirely blocked by it and the party made no attempt 
to cross. 

No definite conclusions are possible, as the present conditions 
of the surface ice and snout, which might lead one to expect that 
the glacier was advancing, seem to be contradictory to the evidence 
of the slopes above the lake. I believe that if this glacier definitely 
retreats from the Shaksgam bed, it would be suitable for the mea¬ 
surement of secular movement, owing to its gentle fall and large 
n6v6 area, which must rule out accidental movements. 

The Shyok Valley. 

28. Rimo Glacier. 

{a) NORTH BRANCH. 

Sheet, 52 E ; Type, transverse ; Length, 25 miles ; Height of Snout, 
16,350 feet; Fall, 134 feet per mile (2*5%). 

(b) SOUTH BRANCH 

Sheet, 62 E ; Type, transverse ; Length, 16 miles ; Height of Snout, 
16,860 feet, FaU, 223 feet per mile (4*2%). 

1869. Robert Shaw, the first Englishman to visit Kashgar from 
India, gives a very vivid description of the view of this glacier in 
' High TaHary, Kashgar omd Yarkand,' p. 432. He seems to have 
been the only traveller till recent years to realize its size. 
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1^14. Sir F. De Filippi explored the whole glaeier. The Kimo 
is divided into two main branches, which descend in gentle slopes 
from their respective valleys to the nortli and west and join almost 
at right-angles, two miles from the combined snout, which fills the 
valley from side to side with a width of 2 miles. Their line of junc¬ 
tion is sharply defined by a wide medial moraine, which forms the 
easiest approach through the ice pinnacles of the lower reaches of 
both branches. These pinnacles coiifiniie up the nortlurn branch 
for a distance of from 8 to 10 miles when they are replaced by gentle 
transverse undulations. Just beyond this point the northern branch 
is joined by a wide tributary entering from the north, which throws 
an arm of ice over the Central Asian watershed, and forms the main 
glacier source of the Yarkand river (see Yarkand-Rimo glacier, 
No. 32 below). This branch is fed by a basin from the west. 

The main trunk of the Rimo, now the central of three ice-streams, 
continues for another 10 miles, beyond the junction, with a gentle 
slope to the snow-line at a little over 18,000 feet. Here the slope 
becomes rapidly steeper as it leads to the iip}>er basin. The glacier 
fills this basin to the brim and overflows between low peaks. Its 
most distant head leads by a gentle saddle to the Teram Bhehr branch 
of the Siachen glacier. 

The southern branch is steeper, and less complicated. Its upper 
basin lies close under the steep north-eastern wall of the Muxtagh- 
Karakoram, and is fed by eight large tributaries descending from 
high and distant saddles. The highest peak at the head of this 
branch is Pk. 50, 24,230 feet (De Filippi, ^Geographical Journal, 
Vol. 46, pp. 93 and 99 ; Wood, Explorations in tJ^e Eastern Kara¬ 
koram, pp. 5, 6). De Filippi’s survey of the Rimo glacier on the 
scale of 1: 100,000 is shown on his map, II Gkiacciaio Bimv ; pub¬ 
lished in 1920 by the Institute Geografico Miliiare of Florence. Ter¬ 
minal moraines are shown at the immediate snout. 

1928. The snout of this glacier was visited by Mr. F. Ludlow, 
but there is no indication in his report {Himalayan Journal, Vol. J, 
p. 6) as to whether the glacier is advancing or retreating. Photo¬ 
graphs, copies of which he has deiK)Bited with the Himalayan Club, 
undoubtedly show terminal moraines of considerable sise east of 
the glacier snout. 

1929. Mr. J. P. Qunn, who visited the snout of the Rimo in 
Augost, noted ‘ two small gravel ridges ’ in front of the tongue, 
but be records definitely that there were no dead pmnacles and he 
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saw ‘ no general signs of retreat * {Report on the Chong Kumdan 
Dam and the Shyoh Flood of 1929, in the press, January, J930). 

Conclusion ,—^The terminal moraines found by De Filippi in 
1914, by Ludlow in 1928 and by Gunn in 1929, give indications of 
retreat, and, owing to the low fall of the glacier bed, such retreat 
is not likely to be much affected by periodic, seasonal or accidental 
factors. I consider that these are signs of slow secular retreat, but 
they are not conclusive. 

29. Chong Kumdan Glacier. 

Sheet, 62 E ; Type, transverse; Length, 12 miles, including snow 
lake ; Height of Snout, 16,470 feet; Fall, 363 feet per mile (6‘6%). 

This glacier has never been actually explored, but, owing to 
the fact that the Central Asian trade-route passes up the Shyok 
valley by its snout, we probably have more definite knowledge 
of its snout movements than of those of any other glacier in the 
Himalaya. 

It was not, however, till De Filippi’s expedition of 1914 that the 
glacier was surveyed even from a distance and there was even then 
doubt as to its source, which was shown tentatively as extending 
north of the Mamostong glacier. Dr. Arthur Neve, however, from 
the high col at the head of the Mamostong in 1907, saw a great 
glacier stretching far away to the north which he thought must join 
the Rimo glacier {Thirty Years in Kashmir, p. 265). From pre¬ 
liminary accounts of the Visser expedition of 1929 I understand that 
the area immediately north of the Mamostong is filled by a great 
‘ snow lake,* somewhat similar to, though smaller than, that at 
the head of the Biafo glacier (No. 22). This lake forms an immense 
reservoir of ice above the snow-line and so magnifies the effects'of 
snow precipitation. The apparent periodicity of the snout of this 
glacier is of very great interest. 

Below is given a summary of observations of the snout of the 
Chong Kumdan glacier {Himalayan Journal, Vol. I, p. 22, S. 99). 

About 1780. Slight evidence of a glacier burst. 

1812. Mir Izzet Ullah passed up the valley and records that the 
glacier was on his left hand. {Travels beyond the Himalaya, trans. 
in Journ. A.S.B., Vol. 7, 1842-43, p. 297.) 

1812-24.. Snout probably clear of Shyok river. 

1824. Snout about \ nodle from eastern wall of valley (Henry 
Strachey, Physical Geography of Western Tibet, p. 66), 
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1835. In June, 1835, the dam, caused by the ice advancing across 
the river, burst. It is not known how long the dam had been in 
existence (Physical Geogmphy, p. 56). For a discussion on the date 
see footnote 6 , Himalaycm Jov/rnal, Vol. I, p. 23. 

1839. Another cataclysm occurred owing to the reforming of 
the glacier dam (Physical Oeography^ p. 57). 

1842. A third burst, apparently of less extent than the previous 
two (Geographiccd Joitmal, Vol. 35, p. 647). 

1855. Capt. Henderson apparently found this glacier projecting 
into the Shyok river. 

1862. Mr. E. C. Ryairs planetable (Survey of India) showed the 
Chong Kumdan glacier as closing the route, but not blocking the 
river. 

1864. Mr. W. H. Johnson, Survey of India, crossed the Dep* 
sang plains in summer: an indication that the Shyok river was 
blocked. 

1865. Johnson passed down the valley in winter: possibly on 
the river ice (Johnson's Itineraries, in old Survey of India repOTt). 

1869. Robert Shaw returned from Kashgaria down the valley. 
The Chong Kumdan projected into the Shyok and compelled h i m 
to ford the river. 

1873. Gordon and other members of the Forsyth Mission passed the 
snont of this glacier. He writes : ‘ It shoots down from a lateral 
valley to the north-west and almost touches the opposite side of the 
valley. It probably at one time formed a long and extensive shallow 
lake above ’ (The Roof of the World, p. 8 and illustration). 

1889. Sir Francis Younghusband travelled by the Depsang route, 
the valley route being apparently impassable (The Heart of a Conti* 
nent, p. 225). 

1894. Church and Phelps passed up the valley below the snout. 

1902. In April, Sven Hedin passed the snout on the river ice 
below it. The glacier was about 30 to 40 metres from the diminished 
river (ScierUific BesnUs of a Journey in Central Asia, Vol. iv, p. 410, 
with photographs ; Qeographical Journal, Vol. 36, 1910, p. 186). 

1909. Longstafi’s map shows the Chong Kumdan as leaving a 
passage for the river. He writes: ‘ Its snouts projected far into 
the river, but we were unable to see whether any part of it reached 
the further bank ’ (Oeographieal Journal, Vol. 35, p. 641). 

1914. De Filippi’s map and Wood’s survey show the Chong 
Kumdan as reaching the Shyok river bank, but the river itself is 
shown as passing the foot of the snout. 


o 
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1919-1926. I was told that the valley route had been open for 
six years prior to 1926. 

1926. The Roosevelts in June, found the Chong Kumdan glacier 
‘ stretched across the entire valley \ and were forced to return and 
take the Depsang route. 

1926. In June, the valley was reported to me as blocked by the 
Chong Kumdan, behind which a lake had formed, and I had to 
take the Depsang route. The dam burst at the end of October and 
a bad flood occurred owing to the liberation of the lake. 

1928. The dam reformed during the winter of 1926-27 {Geo- 
graphical Journal, Vol. 74, p. 384). Ludlow, in August, 1928, 
found the Shyok river completely dammed by the Chong Kumdan 
glacier; its snout had spread down the main valley for a distance 
of 600-600 yards. The dam rose steeply for this distance and was 
covered with debris (Himalayan Journal, Vol. 1, pp. 9, 28). 

1929. The valley was still blocked by the same glacier, which 
burst at 6 a.m. on August 15th. According to Gunn, the break 
resulted in a channel, 400 feet wide, starting from near the right 
bank of the valley upstream of the dam, and emerging at the left 
bank on the downstream side (Report on the Chong Kumdan Dam 
and the Shyok Flood of 1929 ; see also Himalayan Journal, Vol. 2). 

Conclusion ,—^As already mentioned, this glacier has a large snow 
reservoir at its head, which should tend to exaggerate periodic 
fluctuation at the expense of secular, seasonal and accidental move¬ 
ment. We find a definite period of valley blocking from about 1834 
to 1842, since when there is no definite block reported until the 
present day. The present period of blocking has lasted from 1925 
to date. Minor fluctuations between these periods may possibly 
be accounted for by seasonal factors. If the course of the first block 
be repeated, we may expect the valley to be blocked again during 
the present winter (1929-1930), and another glacier burst may occur 
in 1931, after which there should be a period of retreat. These 
movements are undoubtedly almost entirely periodic, the total defi¬ 
nite periodicity being apparently about 90 years between the years 
of TnftYimnm advance. Unfortimately we have a distinct gap in 
our observations during the period from 1873 to 1889, during which 
time there seems to have been a period of advance. In 1873, 
Colond Gordon reported the glacier almost to touch the opposite 
side of the valley, and I can find no record of any traveller having 
passed up the valley for the next 20 years. About the middle of 
August, 1879, the Indus recorded an abnormal rise very similar to 
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that caused by the Shyok Flood of 1929; and on the 29th July, 
1882, there was another abnormal flood, this time giving a record 
rise at Attock five feet higher than the 1929 one. These two high 
floods have not been explained, and were far greater than any rise 
before or since for many years. There is every likelihood of tliere 
having been blocks formed by the Chong Kumdan dam about this 
time, as may be clearly seen from the chart illustrating the snout 
position. I feel convinced that these two floods, of 1879 and 1882, 
were caused by the bursting of the Chong Kumdan dam during the 
last period of glacier advance. If this is so, the periodicity would 
be approximately 46 years. 

There is very slender evidence of a previous burst about 70 years 
prior to 1848, based on the memory of one old woman. If for 70 
we could substitute 66, which would more likely be within her 
memory, this would fit in with our cycle of 46 years. 

Forecast.-^Yrom an examination of all the evidence and from a 
study of Gunn’s report on the condition of the dam in 1929, both 
before and after the flood, I believe that a period of retreat is about 
to begin ; but the normal seasonal advance during winter will pro¬ 
bably close the present channel, and there may be one more flood, 
though not of much consequence, possibly in August, 1931. After 
that year there will be no danger till about 1969, when a further 
series of blocks may be expected to commence and to last till 1977. 

30« Kichik Kumdan Glacier. 

Sheet, 62 E ; Type, Transverse ; Length, 7 miles ; Height of Snouts 
16,250; Fall, 600 feet per mile (9*6%). 

The evidence of the Kichik Kumdan movements is not so easy 
to sift as that of the Chong Kumdan. We know little about its 
basin, and the present map is based only on a rough reconnaissance 
sketch made in 1914. It is believed to have a fairly large ratio of 
supply area to melting area. The following observations give a 
general summary of what is known. 

1824. Snout clear of the Shyok river and about half a mile distant 
from the eastern wall of the main valley {Physical Geography of 
Western Tibet, p. 66). 

1848. Thomas Thomson recorded that he foimd the Kichik 
Kumdan glacier impossible to cross. He writes : ‘ At the bottom 
of the valley it spread out in a fan-shaped manner to a width of at 
least a mile; perhaps indeed much more, for as I failed in getting 
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round it, I was unable to ascertain precisely. ’ He found Htat at 
its south-east corner it was nearly a hundred yards from tiie rivar, 
and here was its true snout from which issued a considerable stoeam. 
Further on he found the glacier ‘ fairly projecting into the Shyok 
in such a manner that I could not see anything of what lay beyond.* 
The terminal cliff varied from fifteen to thirty feet (Western Hima¬ 
laya and Tibet, pp. 420, 440 sqq.). 

1855. Captain Henderson found the glacier projecting into the 
Shyok in August (Joum. A. S. B., Vol. 28, 1869, p. 222). 

1862. E. C. Ryall of the Survey of India showed the glacier half a 
mile back from the river on his planetable. 

1869. R. B. Shaw in July, found the Eichik Eumdan glacier 
completely blocking the road, having advanced since April when 
one of his guides had passed the snout by the river-bed. Shaw 
found the ice of the glacier right up to the cliffs on the left bank of 
the Shyok, the river forcing its way through tunnels under the ice 
(High Tartary, Yarkand, and Kashgar, p. 433). 

1873. Gordon and others of the Forsyth Mission made their way 
round the snout of the Kiohik Kumdan glacier. He writes: ‘ The 
end of the glacier continues down the right bank of the stream * 
(♦.«. the Shyok) ‘ for over two miles, forming a perfect wall of ice 
riring from the water about 120 feet, and showing a surface covned 
with countless pinnacles and points. Portions of it still stand at 
several places on the opposite bank, where the original mass was 
forced against the great up-rising red cliffs, and blocked the stream, 
thus forming a lake, which at last bmst this ice-barrier by the in¬ 
creasing pressure of the collected waters ’ (The Roof of the World, 
pp. 17, 18 and frontispiece). 

1894, Church and Phelps passed up the valley below the s&out. 

1899. The British Joint Commissioner commenced building a 
road along the valley. Progress was arrested by the advance of 
the Eichik Eiuudan glacier. Traders, however, continued to pass 
round the snout in winter-time, up to the winter of 1902-03. 

1902. Sven Hedin in April, passed the snout of the glacier on the 
river ice. It was stretching almost to the cliffs across the river, 
and there was only a narrow passage 10 metres wide near the cliffs 
(Scientific ResvUs of a Journey in Central Asia, Vol. 4, p. 410). 

1903. A flood occurred in the Shyok, attributed by the Joint 
Con^unissioner to the bursting of the Eichik Eiundan dam. (Oeo- 
graphical Journal, VoL 35, p. 641). 
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1908. Sir Aurel Stein took the Depsang route and there is there¬ 
fore some slight evidence that this glacier was then blocking the river 
since the Chong Kumdan was clear {Ruins of Desert Cathay, Vol. ii, 
p. 486). 

1909. Longstaff shows on his map the Kichik Kumdan glacier 
right across the river-bed leaving no passage foi the river. No lake, 
however, is shown upstream of the glacier, and none is mentioned in 
his report. 

1914. Neither Do Filippi’s nor Wood’s maps show this glacier. 
But Wooii mentions in his report that in June, lu' sent Sliib Lai of 
the Survey of India Imek from the Depsang ]>lains to carry out a 
survey of the loute uj) the Shyok. He found the Kumdan glaciers 
blocking the river and was unable to cross them. Since the Chong 
Kumdan did not then block the river, presumably he refers to the 
Kichik {Ex])loKttioh\ in the Eastern Karakoram, ]>. 7). 

1925. Tlie Roosevelts in June, passed the snout with some diffi¬ 
culty, which show^s that tlie viilley was not blocked at this point 
(East of the Sun and West of the Moem, pp. 59-61). 

1928. Ludlow found the Kichik Kumdan ice-pinnacles more 
than a hundred yards from the river bank in August, and his ])hoto- 
graphs clearly show that his belief that the glacier was retreating 
at that time is correct. The ice also was most certainly decreasing 
in volume near the snout. 

1929. Gunn, in August, before the bursting of the Chong Kuni- 
dan dam, found no traces of terminal moraine, but reported that 
the terminal ice-pinnacles were now about 800 yards from the cliffs 
on the left bank, and much diminished in size. 

ConcZtmon.—Owing to the powerful erosion exerted by the Shyok 
river, it is not easy to define the exact periodicity of this glacier. 
It seems to have been liable to block the main river during the periods 
1857-69 and 1902-14. These figures give danger periods of 12 years 
with safe-periods of 33 years, the periodicity being 45 years as in 
the case of the Chong Kumdan, thoi gh the actual time of maxi¬ 
mum advance is entirely different. 

There is only one recorded flood from the Kichik Kumdan, in 
1903, and it does not appear to have done a great amount of damage. 
This is accounted for by the fact that (to use Gunn’s woi'ds): ‘ the 
configuration of the country is such that, even if it did impound a 
four-hundred-foot depth of water, the volume of the lake would 

H 
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only be about one-third of the volume retained by the same depth 
at the Chong Kumdan/ 

Forecast .—^The next block period will commence probably about 
1947. But it will be of little consequence. If it impounds a lake 
and then bursts, the damage will be inconsiderable. 

31. Aktash Glacier. 

Sheet, 52 E ; Type, Transverse ; Length, 5 miles ; Height of Snout, 
16,000 feet: Fall, 400 feet per mile {7*6%). 

Observations of this glacier are much less reliable than those of 
the tAvo preceding ones. We know little of its basin, but it seems 
to be compound, two main branches joining near the snout. We 
are not, therefore, likely to obtain exact information regarding perio¬ 
dicity from the rough observations we possess. These are sum¬ 
marized below :— 

1848. Thomas Thomson found tlie Aktash glacier extending 
across the Shyok river, which flowed out from beneath the ice. 
The ice, however, did not extend to the foot of llie precipice on the 
left bank of the Shyok, as far as he could see. He noted the ancient 
moraine, ^ deposited at a period when the glacier must have been 
more bulky than it now is ’ {Western Himalaya and Tibet, pp. 420, 
440). 

1856. Henderson found the glacier projecting into the Shyok 
valley. 

1862. Ryall showed the Aktash glacier one mile back from the 
river-bed. 

1869. Shaw, who gives careful details of both the Kumdan 
glaciers, does not mention the Aktash. We may therefore assume 
that in this year it was well away from the river. 

1873. Gordon also, though he describes the Kumdan glaciers, 
makes no mention of the Alctash. 

1902. Sven Hedin found the Aktash glacier well clear of the road. 

1906. The Aktash glacier advanced across the river-bed, but the 
river forced a passage under the ice. 

1909. Longstaff shows the Aktash glacier right across the river 
on his map in Geographical Journal, Vol. 36. Sven Hedin considered 
that there had been a considerable advance of this glacier since 
1902. 

1914. The Aktash was apparently clear of the river. 

1925. The Roosevelts passed the snout of the glacier. 
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1928. Liullow found the terminal ice-pinnacles of the Aktash 
glacier, except at one spot, 200 yards or more from the river. He 
doubted whether the glacier ever completely blocked the Shyok. 
There was no indication of a lake in the past, and Ludlow con* 
sidered the bed was siifliciently sandy and porous to allow drainage 
under the ice as seems to have happened in 1848 and 1905. 

1929. Gnnn considered that the snout had been retreating since 
the Chong Kumdan flood of 1926 (Report of (he (%ovy Kuvtdaii Dam 
and Shijok Flood of 1929). 

Conclusion.--The movements are mainly periodic, and the 
periodicity seems to be approximately 55 years. Observations for 
periodic movement are undoubtedly affected by the variations in 
the two large glac iers further up the Shyok, and there is certainly 
a variable amount of end-erosion. In 1928 and 1929 the glacier 
seemed to be derinit(‘ly retreating. No secular conclusions can be 
drawn. 

Forecast, -The next period of maximum advance should com¬ 
mence about 19r)0 and should last from 4 to 5 years. There appears 
to be no dajigcr of glacier bursts from this glacier. 

Thk Yarkant) VALL?:y. 

32, Yarkand Rimo Glacier. 

Sheet, 52 E : 7Vpc, Sad<lle, coinjtound : Length, including longi¬ 
tudinal head basin, 12 mi^es; Height of Snout, 17,100 feet; Falh 
143 feet per mile in longitudinal head (2'7^/^,) : 226 feet per mile in 
last 21 miles (4'3®(,) ; total fall, 160 feet per mile (3*0%). 

This glacier may be examined from two points of view. It 
may be considered as a small tongue thrown over the Central Asian 
watershed, or it may be looked on as the main end of a longitudinal 
basin, of which anotlier tongue joins the Shyok Rimo (north branch). 
We have few observations and unfortunately I did not realize in 
1926 the importance of examining the snout of this glacier c.are- 
fully. 

From a comparison between a photograph taken by me on 1st 
July, 1926, wdth that shown in Gcoijraphieal Journal, Vol. 46, p. 95, 
taken in 1915, I am inclined to tliink that there has been iittle 
change. The same l>arren rock is visible to the west of the onout 
in both photographs, while in 1926 there appe^ared to be a small 
terminal moraine forming. 
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There is, however, too little information as yet from which to 
draw conclusions, though I believe exact observations would give 
valuable information of the periodic motion caused by the large 
supply basin, since the area for seasonal or accidental change is 
small. 

The Lungmo-chhe Valley. 

Two glaciers reach the valley of the Lungmo-chhe tributary of 
the Yarkand river (the valley ‘ I ’ of Wood). They descend 
through comparatively narrow valleys from large n6v6 basins, sur¬ 
rounded by ice-clad peaks rising to 22,000 feet. They seem to be 
very suitable for periodic snout measurement, though their pin¬ 
nacled snouts leave the actual end difficult to determine, owing to 
the dead pinnacles during retreat. 

33 . Glacier ^ A Lungmo-chhe. 

Sheet, 52 E; Type, Longitudinal; Length, 7 miles; Height of 
Snout, 16,480 feet; Fall, 430 feet per mile (8*1%). 

1914. Wood found that this glacier entirely dammed the stream- 
bed, spreading across the valley bottom, with its snout resting 
against a rocky cliff on the left bank. He considered that from the 
evidence of its moraines it had once been of greater extent {Explora¬ 
tions in the Eastern Karakoram, etc., pp. 17, 18). 

1926. I found that this glacier had retreated at least 100 yards, 
leaving isolated pinnacles of dead ice near the right bank, washed 
by the river. For another hundred yards or so the glacier was 
composed of dead pinnacles, between which a passage could easily 
be threaded without walking on ice {Records of the Survey of India, 
Vol. 22, p. 88). 

1927. Gregson visited this glacier and photographed the snout. 
There appeared to be little difference in the previous nine months, 
though the dead pinnacles were perhaps more marked and more 
detached. The nearest pinnacles to the river were still at the edge 
of the river-bed. 

Conclusion .—Marked periodic movement is to be observed in 
this glacier, as might be expected. Observations unfortunately are 
likely to be few and far between owing to its inaccessibility. 

34. Glacier * B Lungmo-chhe. 

. Sheet, 62 E; T^, Longitudinal; Length, 9 milea; Height of 
Snwt^ 16,600 feet; Fdl, 220 feet per mile (41%). 
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1914. Wood found that this glacier did not stretch entirely 
across the valley and the way was not blocked. He concluded, 
however, that it had previously extended right across the valley, 
and found that its terminal moraine formed a dam, through which 
the stream had cut a passage. The lake, created by the dam, was 
gradually silting up {Eorplorations in the Eastern Karakoram, etc., 

p. 17). 

1926. I found little change, though perha])s theie was a slight 
retreat. The river appeared to have scoured a wider passage through 
the moraine dam, and the snout was definitely clear of the river 
bank. 

Conclusion .—Neither Wood’s observations nor mine are suffi¬ 
ciently detailed to draw any certain conclusions. The glacier, how’^- 
ever, seems to be undergoing slight periodic retreat. 
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MISCELLANEOUS NOTE. 

On the occurrence of a small dome near Mari in the Attock 

district. 

The object of this note is to place on rcconl the occurrence of a small 
dome in Upper Miirrec beds on the left bank of the Indus river, about 1^ 
miles to tlie west of Mari (33° 31' 30" ; 72° 0' 30") in the Pindi^heb tahful of 
the Attock district. The dojiuj was mappe<l by the writer in the course of 
his lield-w^ork during the wdiiter of 1928. The rocks occupying the dome 
consist of the usual gr<‘enlsh and }»epper-and-siilt sandstones and purple 
shales of the U})j)er Muriee typ<‘. 

The told is an asynHn<‘lric anticline the axis of wlik'h is directed nuighly 
E-W. The beds on the north(U-n Hank ol the anticline have aii average* dip 
of 35° N., w'hile the dips on the soutliam about 00° S. Jiear the crest, but 
steepen rapidly southwards and only about 300 yarrls from the ciest the 
beds are almost vertical. Further to the south the beds arc seen to have 
a general nortlierly dip. Northw'ards from the crest also the dips are seen 
to vary both in direction and amount. Th^ fold-axis pitches abruptly 
eastwards at about 60°, bu*^ towards the west the pitch is gentler, being 
20° near the dome centre but increasing to 30° further to the west. 



Boalb 1 m. 

Sketch map thowiiig position of doaie near Mari. 
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Although the geological structure is favourable for the accumulation of 
petroleum, the small extent of the area covered by the dome and the steep¬ 
ness of beds on its south and eastern flanks tend to preclude the possibility 
of the existence of any workable chambers underneath. 

It deserves mention, in this connection, that according to Sir Edwin 
Pascoe,! the Biirmah Oil Company took out a prospecting license over about 
^ square mile, miles from Mari in the Pindigheb tahsV, Although it is 
not possible to ascertain the exact location of this area from tlie short account 
given, it does not seem unlikely that it is the same as the dome-area 
described above. 

^ Mem, GeoL Surv. Ind,, Vol. XL, p. 409. 

H. M. Lauiri. 
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I.—INTRODUCTION. 

yuE methoil of classifioatioii luloptod in the first Review of 
Muieral ProJueiiou published in these Rccortls (Vol. XXXII, 
1905), although admittedly not entirely satisfactory, is still the 
best that ean be devised under inesent e.ouditions. As the uiethoda 
of collecting the returns become more precise, and the machinery 
employed for the purpose more offi(dent, tlie number of niinoraJp 
included in Class I—for which a]>proximatoly trustwortliy annual 
returns are available—^increases, and it is hoped that the minerals 
of Class II—for which regularly reeurring and full particulars cannot 
be procured—wiU iu time be reduced to a very small number. 

[ 881 1 
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In the case of minerals still exploited chiefly by primitive Indian 
methods, and thus forming the basis of an industry carried on by a 
large number of persons each working independently and on a very 
small scale, the collection of reliable statistics is impossible; the 
total error from year to year, liowevet, is characterised by some 
degree of constancy, and tlie figures obtained may be accepted as 
a fairly reliable index to tlie general trend of the industry. In the 
case of gold, tlie small indigenous alluvial industry contributes 
such an insignificant portion to tlie total outturn tliat the error 
from this source may be regarded as negligible. 

The average value of the Indian rupee during the year 1929 
was I 5 . 5|d; the highest value reached was Ls. and the lowest 

Is, bid. The values for 1929 shown in the tables are given on the 
basis of Is. b^d, to the rupee ; for ease of calculation, £1 has been 
taken to be equivalent to Es. 13*4, instead of Ks. 13-42. 

Table 1 shows the total value of minerals for which returns of 
production are available for the years 1929. The average figure 
for the quinquejonium, 1919*23, was £25,194,123. In the following 
year, 1924, there was an apparent in(;rease of over £3,5(K),000 ; this 
was, in part, however, due to the higher average value of the rupee 
during that year. Si^ co 1924, there has been a steady decUne 
which has persisted down to the year 1928, for which the value was 
£21,888,528. 1929 shows an increase in total value amounting to some 
£533,000, or about 2*4 per cent, over that of 1928. An increase 
or decrease in value does not always correspond to a similar varia¬ 
tion in output, and cannot, therefore, be regarded as an infallible 
indication of the state of an industry. But in 1929 in almost all 
cases an increase of value accompanied an increase of production. 
It must be understood that the figures of Table 1 are value figures, 
and that a decrease does not necessarily mean a reduced output 
or a decline in the industry. For instance in the manganese 
industry there was a small increase in output in spite of a heavy 
fall in value. 

The number of mineral concessions granted during the year 
under review amounted to 457, against 497 in the preceding year. 
Of these, 1 was an exploring license, 16 were quarry leases, 338 
were prospecting licenses, 102 were mining leases. This small 
decline follows the enormous drop reported in the previous review, 
which was taken as indicating a regrettable decline in prospecting 
and private geological enterprise in the country. 
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Table 1. —Total value of Minerals for which returns of 'production 
are available for the years 1928 and 1929, 


— 


— Tm — 

(£1 = 

Rs. 13-4). 

1929 
(£1 = 

Rs. 13-4). 

Increase. 

Decrease. 

Variation 
per oent. 



£ 

£ 

£ 

£ 

+0-9 

Coal . 


0,004,106 

0,068,591 

64,485 

.. 

Fotroluum . 


4,314,207 

4,800,448 

486,241 

.. 

-f 11‘3 

Lead and load-ore (a) 


1,642,036 

1,845,041 

203,605 

627,865 

-4-12*4 

Maugaueso-ore (b) 


2.198,895 

1,671,030 


—28*6 

Gold . 


1,588,252 

1,542,109 


46,143 

—2*9 

Building materials 


1.110.907 

1.121,032 

10,126 


-f0*9 

fSalt . . 


745,895 

844,400 

98,606 


-f 13*2 

Silver 


892,460 

802.734 


89,726 

— 10*0 

Mica (c) 


698,130 


85,962 


-f 12*3 

Zinc concentrates (c) 


553,051 

507,532 

.. 

45,519 

—8*2 

Iron-oro 


413.060 

484,420 

71,360 

.. 

-i-17*3 

Tin-ore 


338,895 

447,507 

108,672 

. . 

+32-0 

Copper-ore and matte 


372,202 

483,529 

111,327 


-f29*9 

Tungsten-oro 


22,354 

113,193 

90,839 

2,909 

-f 106*4 

Saltpetre (c) 


74,029 

71,720 

.. 

—3*9 

Chromite 


67,139 

62.818 

5,679 

.. 

+ 9*9 

Nickel-speiss 


39,922 

47,670 

7,748 

.. 

+ 19*4 

Clays 


31,655 

40,636 

8,981 

V,188 

+28-4 

Jadeite (c) . 


43,408 

30,280 

.. 

—16*6 

llmciiite 


41,567 

28,602 

. . 

12,066 

—31*2 

Antimonial lead . 


23,658 

25,157 

1,499 


+6*3 

Steatite . • 


9,706 


10,927 

.. 

+ 112*6 

Kuby, sapphire and 

13,247 

13,564 

317 

.. 

+2*4 

spinel. 

Zircon • • 


4,267 


0,538 


+ 163*4 

Magnesite . 


11,969 

9,640 


2,329 

-—19*5 

Gypsum 

• 

10,919 

8,784 

*843 

2,136 

—19*6 

Refractory materials 


6,300 


• • 

+ 13*2 

Bauxite 


7,034 , 

5,399 

.. 

1,635 

“—23*2 

Ochre 


3,953 

4,095 

142 


+3*6 

Diamonds . 


4,887 1 

3,884 

. • 

1,003 

—20*6 

Fuller’s earth 


1,852 

1,917 

65 

.. 

+ 3*6 

Monazite 


1,242 


558 

.. 

+44*9 

Barytes 


1,463 


234 

• • 

+ 16-0 

Asbwtos 


1,622 

1,200 

.. 

416 

—25*6 

Agate 



597 

597 

•. 

+ 100*0 

Amber 


897 

454 

,. 

443 

— 49*4 

Alum 


412 


• • 

412 

—100*0 

Corundum . 


207 

304 

97 

90 

+46*8 

Qamet 


90 



—1004) 

Graphite 



87 

87 

‘*696 

+ 100*0 

Antimony-ore 


769 ' 

74 

• 9 

— ^00*6 

Soda . 


44 

44 

• • 

.. 

• • 

Bismuth 


20 

23 

3 

’l‘066 

+ 16*0 

Apatite 


1,081 

15 


— 98*6 

Serpentine , 


6 

6 

. • 

• • 

• * 

Borax 


2 

2 

.. 

• • 

— 1004^ 

Copperas • 


1 

1 

•• 


1 

Total 

• 

21.888,528 

22,421,424 

1 842.530 
+535.906 1 

+ 2-4 


(a) Exoladea value of antimonial lead. (6) Export f.o.b.values, 

(o) Export values. 
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II—MINERALS OP GROUP I. 

Antimony. 

The production of antimonial lead obtained as a bye-product 
in the lead refinery at the Namtu smelter of the Burma Corpora¬ 
tion, Limited, decreased slightly from 1,241 tons valued at 
Rs. 3,17,011 (£23,658) in 1928 to 1,200 tons valued at Rs. 3,37,101 
(£25,157) in 1929. This product contains approximately 77 per 
cent, of lead, 21 per cent, of antimony and from 6 to 8 ozs. of silver 
to the ton, and is exported to the United States of America for 
further treatment. 

A small quantity of antimony-ore is also produced in the Amherst 
district, Burma. The output in 1929 amounted to 77 tons valued 
at Rs. 988 (£74) against 370 tons valued at Rs. 10,300 (£769) in the 
previous year. 


Chromite. 


There was an increase in the production of chromite in India 
during 1929, amounting to 4,110 tons, for which the deposits in 
Baluchistan and Singhbhum were chiefly responsible. The J;otal 
exports from India during the year were, however, much below 
the production, amounting to 32,302 tons. Chromite exported from 
the ports in British India amounted to 18,059 tons against 31,209 
tons in 1928. Chromite mined in British India is also exported 
from the port of Mormugao in Portuguese India; the quantities 
exported from that port during 1929 and 1928 were 14,243 tons 
and 14,099 tons, respectively. The incircase in production was 
accompanied by a slight rise in the value per ton to Rs. 17'0 from 
Rs. 16-8 in 1928. 

Something li]re half the world’s supplies of chromite comes from 
Southern Rhodesia, which has now become the predominant soqrc^ 
of this mineral. 
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Tabee 2. — Quantity and value of Chromite 'produced in India during 
the years 1928 and 1929, 



1928. 

1929. 


Quantity. 

Value (£1= 

-Rs. 13-4). 

Quantity. 

Value (£1= 

-Rs. 13-4.) 


Tons. 

Rs. 

£ 

Tons. 

1 

Rs. 

£ 

Jialuchinlan — 
/hob . 

Bihar and 

15,002 

2,25,030 

16,793 

17,905 

2,66,761 

19,908 

Orissa — 
Singhbhum . 

2.165 

48,949 

3,653 

3,149 

68,440 

5,107 

Mysore State — 



Hassaii 

23,639 

i 3,86,008 


22,799 

3,71,936 

27,756 

Mysore 

4,049 

1,05,681 

7,887 

5,712 

1,34,632 

10,047 

Total 

45,455 

7,05,668 

57,139 

49,565 

8,41,769 

62,818 


Coal. 

There was an increase durin" the year of 875.tons, or about 
3*9 per cent., in tlie output of coal. This increase w^as due chiefly 
to Ueugal, Bihar and Orissa, and tlie (\uitral Provinces, and, to a 
decreasing extent, to Hyderabad, Assaiii, and Kajputana. There 
was a decrease in the production of Balucliistau. Central India, 
and the Punjab. The increase hi Bihar and Orissa was mostly 
from Jharia, Bokaro, and Karanpura. Bokaro now jjroduces 9 per 
cent, of the Indian total. Giridih decreased her raisings by ncarl} 
33,000 tons. Karanpura, on the other hand, made- another stride 
from 390,493 tons in 1928 to •407,127 tons hi 1929. Jharia sliowed 
another small proportiojiati* increase <»f some 120,0(K) tons, but was 
still well below' her peak output of 1919. Talcher cojithiued her upward 
movement with an incr('ase of over 9,000 tons. Tliere was a slight 
recovery on the pai*t of Ramj)ur, whicJi was more lhan set off by the 
decline in the case of Jainti, The Baniganj field showed the largest 
increase, nearly 3G8,0(M) tons. In (Vjitrul India there was an increase 
in the output from Umaria, wdiiiJi was more than counter-balanced 
by a decrease in the case of Sohagpur. In the Central Provinces 
there was another substantial increase hi the outjjut from the Pench 
Valley, as also from Ballarpur. In Hyderabad, both the Singareni 
and Sasti fields were responsible for marked increases. 

The statistical position at the end of the year showed a very 
gteat improvement in spite of the increase in the total output* 
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Stocks in the six provinces of Assam, Baluchistan, Bengal, Bihar 
and Orissa, the Central Provinces, and the Punjab, for which such 
figures are available, showed a total reduction of 781,477 tons, as is 
seen from the following data :— 


Year. 

Opening 

Btook. 

Closing 

Btook. 

Eednotion 
during year. 







Tons. 

Tons. 

Tons. 

1927 






2,161,806 

1,721,288 

440,518 

1928 



, 


, 

1,721,288 

1,025,717 

95.571 

1929 

• 

• 

• 

• 

• 

1.625,717 

844,240 

781,477 


The increased output of 3*9 per cent, was accompanied by a 
slight increase in the total value of the coal produced in India from 
Rs. 8,84,95,027 (£6,604,106) in 1928 to Rs. 8,93,59,124 (£6,668,591). 

There was again a reduction in the pit's mouth value per ton 
of coal for India as a whole, but only from Rs. 3*14-10 to Rs. 3-13-6 
—a fall of Rs. 0-1-4 —, and all provinces participated in this fall, 
with the exception of the Central Provinces for which the rise was 
11 pies only. In the two great coal provinces, Bihar and Orissa 
and Bengal, the value dropped by Rs. 0-1-8 and Rs. 0-2-5 respec¬ 
tively. In Assam it fell by Rs. O-i-6 ; in Central India the fall was 
Rs. 0-0-6, in Hyderabad Rs. 0-6-0, and in the Punjab Rs. 0-0-2. 


Table 3. — Provincial 'production of Coal during the years 1928 and 

1929. 


Province. 

1928 . 

1929 . 

Increase. 

Decrease. 




Tons. 

Tons. 

Tons. 

Tons. 

Aaeam 



298,089 

322,515 

24,426 


Baluchistan 



17,931 

16,222 


1,709 

Bengal 



5 , 639,993 

5 , 965,104 

326,111 


Bihar and Oiiasa . 



14 , 827,453 

15 , 133,144 

305,691 


Central India 



218,750 

205,132 


13 , 6 i 8 

Central Provinces . 



732,353 

882.331 

149,078 


Hyderabad • 



734,785 


81,110 


Punjab 



46,152 

43,136 


3,016 

Kajputana # • 



27,386 

35,275 

7,889 

•• 

ToUl 

• 

22,642.872 

23,418,724 

■B 

18,34S 
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Table 4. —Vcdue of Coal produced in India during the years 1928 and 

1929. 


— 

1028. 

Value (£1-Ra. 13-4). 

Value 

per 

ton. 

1029. 

Value (£1 = R8. 13-4). 

Value 

per 

too. 


Ra. 

£ 

B8. a. p. 

Us. 

£ 

Rs. A. P. 

Asnam .... 

88,04,662 

283,930 

12 12 2 

40,85,704 

304,903 

12 10 8 

Bftlaohistan . 

1,03,060 

12,236 

9 2 4 

1,4 3,039 

10,675 

8 13 1 

Bengal .... 

2,24,34,052 

1,674,183 

3 15 8 

2 28,49,780 

1,705,208 

3 13 3 

Bihar and Orlsfla . 

6,42,11,122 

4,045,600 

3 10 0 

5,37,64,328 

4,012,263 

3 8 10 

Central India 

8,47,989 

63,279 

3 110 

7,88,192 

58,820 

1 3 13 C 

Central ProvinccH . 

30,81,627 

229,972 

4 3 4 

37,07,085 

276,648 

4 4 3 

Hyderabad (a) 

34,56,648 

257,884 

4 11 3 

35,31,253 

263,520 

4 5 3 

Punjab 

3,10,448 

23,168 

0 11 8 

2,89,895 

21,634 

6 11 6 

Rajpatana 

1,85,670 

13,848 

6 12 5 

1,99,842 

14,914 

5 10 8 

Total 

8,gi,96»C27 

6.«04.10e 


8,98.60.124 

6.668,501 


Avtrag^ 

•• 


J 14 10 


1 —_ 

3 13 6 


(<i) Efltlmated, 


Table 5. —Origin of Indian Coal raised during (he years 1928 ant 

1929. 


— 

Avera^ of 
last five 
years. 

i 

1Q28. 

1929. 




Tons. 

Tons. 

Tons. 

Qondwana ooalfielda 

• • 

. 

21,100,048 

22,163,314 

23,001,686 

Tertiary ooalfleldfi • 

• • 

• 

431,509 

389,558 

417.148 


Total 

• 

21.540,667 

22,542,872 

23,418,734 
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Table 6. —Output of Gondwana coalfields for the years 1928 and 1929. 


Bengal, Bihar and Orissa — 
Bokaro 
Daltonganj 
Glridih . 

Hutar 
Jainti 
Jharia 
Karanpura 
Rajmahal HIUb . 
Ramgarh . 

Rampar (Raigarh-Hingir) 
Raniganj . 

Talcher 

Central India — 

Sohagpnr . 

Umaria 

Central Provinces — 
Ballarpor 
Penoh Valley 
Hyderabad — 

Sasti 

Singareni . 


Total 


1028. 

1929. 


Per cent. 


Per cent. 

Tons. 

of Indian 

Tons. 

of Indian 


Total. 


Totol. 

2,026,791 

8-99 

2,118,703 

9*05 

929 

0*01 

1,622 

0*01 

804,118 

3-67 

771,166 

3-29 

206 

OKK) 

367 

OKK) 

48,059 

0-21 

40.732 

0*17 

10,666,479 

47-31 

10,786.745 

46*05 

390,493 

1-73 

467,127 

1*99 

636 

0-00 

565 

0*00 

386 

0-00 

,. 

.. 

31,623 

0*14 

36,774 

0*16 

6,460,490 

28*66 

6,828,063 

29*16 

38,237 

0*17 

47,606 

0*20 

117,423 

0*52 

92,608 

< 0*39 

101,327 

0-46 

112,624 

1 0*48 

1 

175,872 

0*78 

202,061 

1 0*86 

556,481 

2*47 

680,270 

' 2*90 

36,616 

0*16 

47,465 

0*23 

609,150 

3*10 

768,420 

1 3*28 

22,153,314 

98-27 

23,001,586 

1 98-22 


Table 7. —Output of Tertiary coalfields for the years 1928 and 1929. 



1928. 

1929. 



Per cent. 


Per cent. 


Tons. 

of Indian 

Tons. 

of Indian 



Total. 


Total. 

Assam — 



970 


Khasi and Jaintia Hills 

688 

1 

1 

Maknm .... 

288,926 

y 1*32 

262,987 

V 1*38 

Naga Hills 

BaluSiistan — 

68,676 

j 

68,668 

J 

Hhost « . • : 

2,642 


3,163 


Sor Range, M.aoh, Kalat 

16,389 




FwiM — 

Jnelom 

24,674 

1 


1 0-18 

Ifiaairali .... 

18,161 



Shahpnr « • • • 

3,317 

j 

3,566 

J 

Bf^pstktna — 

Bikaner • 

27,386 

0*12 

85,275 

0-16 

Total 

389,558 

1-73 

417,148 

1-78 
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The export statistics for coal during 1929 show a large increase 
of over 100,000 tons, following an increase in the previous year of sonic 
49,000 tons, the total exports of coal and coke rising from 626,343 
tons to 726,610 tons, 2,281 tons of the latter being coke (see Table 
8 ). The increase in exports is due chiefly to Hongkong, which 
absorbed some 196,000 tons. As before, the major portion of the 
exports went to Ceylon, which took nearly 15,000 tons more than 
during the previous year. Exports to th(‘ Straits Settlements 
(including Labuaii), show^cd a slight increase. On the other hand 
the Philippine Islands and Guam took a considerably smaller 
quantity than in 1928. Other countries absorbed nearly 12,000 
tons more. 


Table 8. —Exports to foreign ports of Indian Coal and Coke during 

the ye/irs 1928 and 1929 . 




1928. 

1 


1929. 



Quantity. 

Value (£1 — 

Its. 13 4). > 

1 

Quantity. 

Value (£I * 

Rs. 13-4). 


Ton 'I 

Ra. 

£ 1 

Tons. 

Rs. 

£ 

To— 



1 




Cc> lou 

S51,490 

42.65,100 

318,290 

300,332 

43,70,107 1 

320,575 

Hongkong 

110,701 

13,43,907 

100,202 

196,074 

14,84,510 

110,784 

Phliippiuc ialuixih auU (jiuim 

7:i,08y 

5,83,540 

43,548 

58,460 

4,98,974 

37,237 

StraltH iiicutb (includ¬ 

ing Labuaii). 

71,040 

1 

7,77,505 

58,027 

1 

74,231 

8,34,054 

1 , 

02,243 

Other countries . . 

17,544 { 

1 

2,07,818 

15,509 1 

29,220 

3,10,840 1 

i 1 

28,869 

Total 

022,870 

71,78,002 

■ - 1 

535,672 

724,820 

I 75,13,494 j 

1 560,708 

Coke ..... 

3,473 

69,505 

5,193 ! 

2,281 

1 

' 48,836 

8,272 

Total of ooal and ooka 

6M.843 

72,47^97 

’ 640,865 

1 

1 786,5.0 

1 

j 75,67,882 

j 668,980 


These increased export figures are still below' those of some 
earlier years (for example, 1,224,758 tons in 1920). As they are 
partly the result of the first four gears' operations of tlie Indian Coal 
Grading Board, e8tal)lished for the purpose of certifying the quality 
of coal exported from the port of Calcutta, they are, how'ever, 
on the whole, a favourable augury for the future prospects of this 
scheme for the rehabilit^ition of Indian coal in foreign markets* 
The following table shows the amounts of different grades of coal 
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exported during 1928 and 1929 under the above scheme (including 
sea-borne coal for railways in Southern India, for which no grade 
ahipment certificates were issued by the Coal Grading Board), the 
difference between the total amounts so exported (2,629,013 tons 
in 1929) and the total exports of Indian coal to foreign ports 
given in Table 8 (726,610 tons in 1929) being the amount of coal 
exported to Indian ports. 


Table 9. — Exports of Coal under Grading Board Certificates durinc 

the years 1928 and 1929. 



— 

— 




1028. 

1929. 







Tons. 

Tons. 

Soleoted grade 

• 

• 

• 

• 


1,836^3 

2,133,347 

Grade 1 

. 

• 

. 

. 


422,628 

390,802 

Grade n • 

. 

. 

. 

. 


3,926 

. 2.411 

Mixed grades 

• 

• 

• 



43,680 

1,864 

Under refwenoe • 

• 

• 

• 

• 


1,955 

599 





Total 

• 

2,3M,342 

2,529,^3 


Imports of coal and coke increased from 210,186 tons in 1928 
to 218,560 tons in 1929; 14,031 tons of the latter consisted of coke 
(see Table 10). This increase is due to a rise of some 52,(XH) tons 
in the imports from South Africa, balanced partly by a decrease 
of some 4,000 tons from each of the United Kingdom and Australia, 
and of some 31,000 tons from Portuguese East Africa. The total 
imports arc now less than half those of the pre-war quinquennium 
and Table 11, comparing pre-war imports and exports with the 
figures from 1926 to 1929, shews that the depression in the Indian 
coal industry, which continued till nearly the end of 1928, can no 
longer be -looked upon as attributable to the competitive effect of 
foreign imported coal. The average surplus of exports over importi 
during the years 1926 to 1929 was, in fact, greater than the surplus 
during the pre-war quinquennium. 
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Table 10.— Imports of Coal and Coke during the years 1928 and 1929, 



1028. 

1029. 


Quantity. 

Value (£1 - 

Ea. 18*4}. 

Quantity. 

Vaiue (£1=-R8. 18-4). 

From — 

Australia .... 
PoTtu(ni<^ East Africa 
United Kin^don) 

Union of Hoiit h Africa 

Other countrlcR 

Tons. 

6,321 

81,677 

34,410 

113,481 

3,468 

Ba. 

1,16,178 

6,80,836 

8,12,021 

22,14,144 

56,849 

£ 

8,670 

43,346 

60,699 

165,236 

4,242 

Tons. 

1,043 

150 

30,837 

165,90.-i 

7,034 

Ea, 

10,430 

3,800 

0,31,723 

.30,89,100 

1,02,138 

£ 

778 

246 

47,144 

2.30,630 

7,622 

Totai, 

188,216 

37,80,028 


204,520 : 

38,36,091 

286,320 

Coke .... 

21,970 

6,82.096 


14.031 

4.50,027 

33,020 

Total ol coal asd coke 


U,6S424 

SS2,994 

218,560 

42,87,318 

319,949 


Tabi.k 11. 

—Excess of exports over 

imports of Coal. 


Exports. 

Imports. 

ExceoB of 
exports over 


- 

—^ 

imports. 


Tons. 

Tons. 

Tons. 

Average for 1909-1913 

814,475 

466,162 

34MI3 

1920 

017,563 

193,908 

423,655 

1927 

676,167 

243,603 

332,564 

1928 

026,;U3 

210,186 

416,157 

1929 

726,010 

218,660 

568,050 


Till* average number of jwsons employ( d m the coalfields during 
the year showed a very slight decrease in spite of the substantial 
increase in ])roduction. The average output per ])erson employed, 
ther<‘f(>r<‘, again showed an advance on Ihe juvvious years, the 
figure <d llO-n tons for 1025 rising to 11‘M t(uis for 1920, 122*3 

tons for 1927, 125*5 tons for 1928 and 130*4 tons for 1929. The 

figure for the year under review is higher than any jueviously 

recorded, and is due, partly to an increased use of mechanical coal¬ 
cutters, and partly to concentration of work. During the past 
few years a large number of collieries have beeji shut do^vn ajid the 
labour absorbed in the remainder ; this cojicentration permits of a 
proportional reduction in the supervising staff, resulting iu a larger 
tonnage per head. There was a decrease in the number of deaths 
by accident; these amounted to 212, which is an improvement 

on the annual average for the quinquennium 1919-1923, which 
was 274, and is close to the annual average for the quinquennium 
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1924-1928, whioli was 218. In addition, it relates to a production 
which is over 3 million tons in excess of the average for 1919-1923 
and nearly 1^ million tons in excess of the average for 1924-1928. 
The death rate was 1-2 per thousand persons employed in 1929, 
against 1*3 for 1928 ; the average figure for the period 1919-1923 
was 1*36, and for the period 1924-1928 was 1-16. 


Table 12.— Average number of perso7is employed daily in tlie Indian 
coalfields during the years 1928 and 1929, 



Number 

employe 

1928. 

3f persons 
m 1 daily. 

1929. 

Output 
por 
person 
employed 
in tons. 

Number 
of deaths 
by acci¬ 
dent. 

Doath 
rate por 
1,000 
persons 
employed. 

Assam 


4,216 

4,146 

77-8 

11 

2-7 

Baluchistan 


254 

278 

68-3 

. * 

,, 

Bengal 


43,855 


134-6 

62 

1-4 

Bihar and Orissa 




138-7 

106 

1-0 

Central India 


3,144 


78-4 

2 

0-8 

Central I^rorinces 



7,666 

116-2 

13 

1-7 

Hyderabad 


11,816 

10,661 

76-6 

16 

1-6 

Punjab 


766 

743 

68-1 

2 

2-7 

Rajputana 


167 

132 

267-2 

•• 

-• 

Total 

• 

179,687 

179,607 

•• 

212 

-- 

Average 

• 

•• 

•• 

m-4 

•• 

1-2 


Cobalt {see Nickel). 

Copper. 

The progress of work at the Mosaboni Mine of the Indian Cop})er 
Corporation, Ltd., in the Singhbhum district, and on the milling 
and smelting plant at Maubhandar, near Ghatsila, Bengal Nagpur 
Railway, has been noticed in previous reviews. Operations com¬ 
menced on a revenue basis on January Ist 1929, and tlu' year imdcr 
review, marks, therefore, the first full year s production. 75,830 
short tons of ore wore hoisted from the mine and 75,174 short tons 
treated in the mill and smelter, with the production of 1,636 long 
tons of refined copper ingots and slabs. The copper was sold en¬ 
tirely in India at an average price of Rs. 1,200 per long ton. 

The surface and underground ore reserves now total 798,104 
short tons of 3*33 per cent, ore, representing a content of 26,546 
short tons of copper. 
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The amount of ore produced by the company in 1929 was 76,831 
tons valued at Rs. 14,68,746 (£108,862). 

There was a slight increase in the production of copper matte 
at the Namtu smelting plant of the Burma Corporation Limited. 
The production during 1928 was 10,978 tons valued at Rs. 46,26,403 
(£345,254) averaging 39*6 per cent, of copper, and during 1929 
11,303 tons valued at Rs. 50,20,544 (£374,667) averaging 39*84 
per cent, of copper *29*70 per cent, of lead and 63*27 ozs. of silver to 
the ton. The matte is exported to Hamburg for further treatment. 

A small output of 5 tons of oopper ore was reported from the 
Mysore state in 1929, but the value was not reported. 

Diamonds. 

The production of diamonds in Central India rose from 823*8 
carats valued at Rs. 65,491 (£4,887) in 1928 to 1,627*5 carats valued 
at Rs. 52,045 (£3,884). Of this latter production 1,476*7 carats 
were produced in Panna state and the remainder in Charkhari, 
Ajaigarh and Bijawar. 


Gold. 

The gradual secular decline in the total Indian gold production 
continued, the decrease being from 376,062*8 ozs. valued at £1,688,252 
in 1928 to 363,869*4 ozs. valued at £1,542,109 in 1929, almost the 
whole of this decline being due to the Kohvr goldfield. 

Of the five mines producing gold on the Kolar goldfield, the 
Champion Reef and the Ooregum mines reached vertical depths of 
6,850 feet and 6,772 feet, resi>ectively, below field datum, on the 
31 st of December, 1928. A gratifying feature of the developments 
in depth is the oontinuity of the reef and the opening up of large 
bodies of payable ore. The dip of the reef, however, is becoming 
much steeper and is almost vortical in the lower levels. The ore 
is not refractory and yields its gold to a simple combination of 
amalgamation and cyaniding; ‘ all-sliming' is gradually becoming 

general and battery plate amalgamation is being gradually elimi¬ 
nated. The rock temperatures at the above groat dej)th8 are 
122*4° Fah. and 119*4° Fah., respectively. Owing to the depth 
of the mines and the high rook temperatures, the problem of venti¬ 
lation has been an extremely difficult one. It has been solved to 
90 jne extent by sinking deep vertical shafts and by an extensive 
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use of large electrically-driven fans to help the main air currents. 
A large volume of air is constantly kept in circulation by these 
fans installed in convenient places in the main airways. The brick 
and concrete lined shafts and winzes, which are coming more and 
more into vogue in deep-level mining in this field, considerably 
assist the free movement and increase the circulation of the air 
by reduction of friction. The shafts th(?m8elves are cleaner and 
less lial)le to damage by rock-bursts. The latter, even "with the 
improved and more rigid forms of support adopted in place of the 
usual timbering and waste-roek filling, are still a source of anxiety 
and at times cause considerable damage to underground workings. 

The working population on the Kolar goldfield at the end of 
1929 was 18,451, of which 3,610 persons were employed on the 
Cham})ioji mine and 4,209 on the Ooregum mine. 


Table 13 .—Quantity and> value of Gold produced in India during the 

years 1928 and 1929, 




1928. 



1020. 



— 

- 

— 





Labour 


Quantity, 

1 Value (£1- 

1 

Be. 18-4). 

Quantity. 

Value (£1- 

Ba. 18-4) 



or. 

1 Ba. 

£ 

os. 

Ba. 

£ 1 


Bihar and Oritta- 








Siochltbain 

70 

852 

26 

80-0 

1,600 1 

112 

12 

Burma — 





1 



Katba . 

16-6 

, 1,066 

79 

23-5 

1,420 

106 

6 

Upper Chhln- 
dwlo. 

64*7 

1 4,741 

854 

! 12-6 

1,102 

82 

(•) 

Kashmir . 

60-0 

' 2,620 

188 

66-8 

2,700 

1 201 

62 

Mytore 

875386-0 

2,12,72,297 

1,687,486 1 

1 868,741 4 

2,06,57,288 

1,641,685 

18,464 

Punjab . 

84-0 1 

1,860 

102 ' 

' 1*9 

108 

8 

7 

United Previn 'rs ' 

4 5 

240 

18 

8-7 

200 

16 

11 

TOTVL 

876,00*8 

2,12,82^86 

1,688,262 1 

868,80*4 

2,06,64,268 

1,642,100 

18,661 

1 


(a) Not aTaiUb)«. 


llmeiiite. 

There was a decrease in the production of ilmenite in the Travan- 
core state, from 25,307 tons valued at £41,557 in 1928 to 23,670 
tons valued at £28,602 in 1929. This mineral is collected with 
the mona; 5 ite sands and, up to a few years ago, was looked upon 
as a bye-product of the monazite industry. Now-a-days, the in¬ 
creasing demand for the titania in the ilmenite is causing a resus¬ 
citation of the monazite industry, which had been adversely affected 
by the increased use of electricity for lighting purposes. 
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Iroo. 

The production of iron-ore in India is still .steadily on the in¬ 
crease ; India is now, in fact, the second largest producer in the 
British Empire, and yields place only to the United Kingdom. 
Her output is of course still dwarfed by the production in the United 
States (ov(ir 60 million tons) and France (over 40 million tons); 
her reserves of ore are, however, not much less than three-quarters 
of the estimated total in the United States, and there is every hope 
that India will in the early future take a much more imj)ortant 
place among the world’s producers of iron-ore. In 1920 there was 
an increase in the Indian output over the previous year of 18*1 
per cent, amounting to 372,563 tons. Tin' figures shown against 
the Keonjhar and Mayurbhanj StatCvS in Tahh* 14 represent the 
})rocluction by the Unitt^d Steel Corporation of Asia, Ltd., and the 
Tata Iron & Stcvol Co., Ltd., respectively. Of the total production 
of 1,390,245 tons shown against Singhbhum, 461,529 tons wore 
produced by the Tata Iron k Steel Co., Ltd., from their Koamundi 
mine, 427,477 tons by the Bengal Iron Co., Ltd., from their Pansira, 
Ajita and Maclellan mines, and 466,602 tons by the Indian Iron 
& Steed Co., Ltd,, from their mines at Cua ; the remaining 34,637 
tons were produced by ajiother firm. The output of iron-ore in 
Burma is by the Burma Corporation Limited and is used as a flux 
in lead smelting. 


Table 11. —Quantity and value of Iron-ore produeid in India duriny 
the years 1928 and 1929, 



192S. 

1920. 


Quantity. 

Value (£1 -Ra.1S’4). 

Quantity. 

Value (£l=«Ra. 13-4) 


Tons, 


£ 

Tom. 

1 

Ra. 1 

1 

£ 

ani Orxum— 

Koonjhar .... 
M»3rmbh«aJ 

S&mb«l].ur 

SlOfbbLom 

U1.S61 

68S,49S 

21 

1,131,746 

(«) 

4,24,OA8 

20,60,470 

£65 

26,0&,120 

31,648 
158,0£1 

20 

201,352 

187.203 

769,876 

21 

1.390,245 

7,48,812 

22,70.626 

31,62,727 

55.88£ 

176.121 

11 

286,024 

Burmm — 

M&iidaUy 

Korthm Slum States. 

Mpton .... 

559 

74,254 

034 

£3,624 

2,286 1 
£,37.016 
8,072 
58,841 

M7 

22.1(16 

2 16 

4,801 

46,140 

716 

44,856 

1,84,660 

2,145 

1.18,222 

13,778 

160 

1 8.440 

Total 

A06S,9ii 



R488,0ii 

$4^1^36 
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In contrast to the preceding year there was a rise in the output 
of iron and steel by the Tata Iron & Steel Co. at Jamshedpur. The 
production of pig-iton and steel (including steel rails) rose respec¬ 
tively from 510,884 tons and 289,865 tons in 1928 to 722,950 tons 
and 410,923 tons in 1929, and of ferromanganese from 3,233 tons 
in 1928 to 3,630 tons in 1929. The inodiiction of pig-iron by the 
Bengal Iron Co. rose from 128,112 tons in 1928 to 196,080 tone 
in 1929 ; their output of products made from their pig-iron in 1929 
amounted to 11,153 tons of sleepers and chairs and 32,445 tons of 
pipes and other castings, against 20,282 tons and 27,180 tons, 
respectively, in 1928. The Indian Iron & Steel Co. increased 
their production of pig-iron from 397,784 tons in 1928 to 451,059 
tons in 1929. The output of pig-iron by the Mysore Iron Works 
rose from 15,104 tons in 1928 to 21,452 tons in 1929. The total 
production of pig-iron in India in 1929 was 1,391,641 tons against 
1,061,884 tons in 1928. 

The total number of indigenous furnaces that were at work 
in the Central Provinces during the year 1929 for the purpose of 
smelting ixon-ore was 174 against 196 in the previous year; 95 
furnaces were operating in the Bilaspur district, 63 in Mandla, 
11 in Drug, 12 in Raipur, 3 in Saugor and none in Jubbulpore. 

With the increase in the production of pig-iron in India recorded 
above, the quantity ex|)orted rose from 428,625 tons in 1928 to 
648,881 tons in 1929. Table 16 shows that Japan is still the prm- 
cipal consumer of Indian pig-iron, over 70 per cent, of the total 
exports having gone to that country in 1929. There was a fall in 
the export value per ton of pig-iron from Rs. 47-0 (£3-51) in 1928 to 
Rs. 46-7 (£3-41). 

The Steel Industry (Protection) Act, 1924, Act No. XIV of 
1924, authorised, to companies employing Indians, bounties upon 
rails and fishplates wholly manufactured in British India from 
material wholly or mainly produced from Indian iron-ore and com¬ 
plying with specifications approved by the Railway Board, and 
upon iron or steel railway wagons, a substantial portion of the 
component parts of which had been manufactured in British India. 
This Act was repealed by the Act No. Ill of 1927 and the payment 
of bounties consequently ceased on the Slst March, 1927; the 
industry is, however, protected to a certain extent by varying 
tAriffa on different classes of im|>orted steel. 
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Table 16. —Exports of Pig-iron from India during the years 1928 

and 1929. 



1926. 

1929. 


Quantity. 

Value 18-4). 

Quantity. 

Value (£1-1(4. 18*4). 

UVt—- 

G«nnanT . 

Japan 

United Kingdom 

United Ste^^ea of America 
Other roantriea . 

Total 

Tons. 

9.642 

821,010 

8,920 

67,897 

82,260 

Be. 

8,84,876 
1.62,72,868 
4,04,106 
26,02,478 
14,86,917 1 

t 

28,686 

1,189,765 

80,162 

194,214 

110,964 

Tone. 

18,243 
885,158 
48 005 
68,017 
88,656 

Be 

6,01,460 

1 75 44 508 
20,64,018 
80,62,606 
18,18,478 

£ 

44,885 

1,809,208 
164 081 
228 563 
185,384 


2,02,60»789 

2,60JJ90 

61P,8?1 

2,50 80,155 

1,872,201 


Jadeite. 


There was a further increase in the output of jadeite, which 
rose from 2,846 cwts. valued at Rs. 2,85,984 (£21,342) in 1928 to 
3,450-9 cwts., valued at Rs. 2,77,356 (£20,698) in 1929. The output 
figures are liable to be incomplete, and a more correct idea of the 
extent of the Burmese jadeite industry, especially of values, is some¬ 
times obtainable from the export figures. Exports by sea fell 
from 2,698 cwts. valued at Rs. 5,82,471 (£43,468) in the year 1928-29 
to 2,137 cwts. valued at Rs. 4,86,156 (£36,280) in the year 1929 30. 
These figures exclude exports by land across the frontier to foreign 
countries, as the registration of the Land Frontier Trade of Burma 
has been discontinued. 

Lead. 

The production of lead-ore at the Bawdwin mines of Burma 
increased slightly from 442,503 tons in 1928 to 463,972 tons in 1929, 
and the total amount of metal extracted increased from 78.384 tons 
of lead (including 1,241 tons of antimonial lead) valued at 
Rs. 2,22,05,126 (£1,667,099) to 80,233 tons of lead (including 1,200 
tone of antimonial lead) valued at Rs. 2,50,00,613 (£1,865.717) in 
1929. The quantity of silver extracted from- the Bawduin ores 
fell from 7,404,728 ozs. valued at Rs. 1,19,26,055 (£890,004) in 
1928 to 7,280,617 ozs. valued at Rs. 1,07,31,482 (£800,857) in 1929. 
The value of lead per ton rose from Rs. 283-3 (£21-1) in 1928 to 
Rs. 311-6 (£23-2) in 1929, but the value of silver fell from Rs. 1-9-10 
(28>85d.) per oz. in 1928 to Rs. 1-7-7 (26-40d.) per oz. in the year 
under review. The ore reserves in the Bawdwin mine, as calculated 
at the end of June, 1929, totalled 4,140,969 tons against 4,092,751 
tons at the end of Jupe, 1928, with an average composition of 25-49 

0 














Tablb 16 . — Production of Leadrore, Lead and Silver during the years 1928 and 1929, 



(m) Value of 77,14Stoaf of lead (He. 248,88,115)aiid 1,241 tons of astlmonlal lead (Be. 8,17,011) extracted. 
(b) Valve of 7,404,728 ccs, of sttrer extracted. 

(e) Vahw of 78,033 toai of lead (Be. 2.48,68,612) and 1JOO ions of antlmonial lead (Be. 2,87,101) extoicled. 
(lO Vahte of 7,280,517 ota. of sIlTer extiacie^ 
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per cent, of lead, 10*0 pet cent, of zinc and 21*5 ozs. of silver per ton 
df lead. Included in this reserve adre 300,000 tons of copper-Ore 
containing, approximately, 13 per cent, of lead, 8 per cent, of zinc, 
7 per cent, of copper and 18 ozs. of silver per ton. 


Magnesite. 

There was a slight decrease in the magnesite output from the 
Salem district of Madras, but the hgure for 1929, 22,134 tons valued 
at Rs. 1,08,722 (£8,114), is still well below those for the years 1926 
and 1926, which were m the neighbourhood of 30,000 tons. There 
was a decrease in the output from Mysore. The total decrease in 
(SUtput in India amounted to 909 tons, accompanied by a decrease 
in value of Rs. 31,215 (£2,329). 


Table 17. —Quantity and value of Magnesite 'produced in India 
during the yeais 1928 and 1929, 


a....... 

1 

1 

1928. 



1929. 



Quantity. 

Value (£1 = 

Bs. 13-4). 

Quantity. 

Value (£1= 

Ra. 13-4). 


Ton*. 

Ra 

£ 

Tons. 

Rs. 

1 

£ 

SaTeni . 

22.542 

1.41,742 

10.578 

1 22.134 

1 

1,08.722 

8,114 

If fibre State 

1.864 

18,640 

1,391 

j 1.363 

1 

20.445 1 

1 

1.626 

ToUl 

24,4M 


11^9 

23.U7 1 

1 

1 

1,29,167 ' 

9,640 


Maagaaese. 

Before the yeat 1926, the record production of manganese-ore 
in Tndifc took place in the year 1907, when 902,291 tons weie raised. 
I6r 1926, the output rose to 1,014,928 tons, valued at £2,463,491 
f. 0. b. Indian ports; the rise in output was, however, accompanied 
by a decrease in value. In 1927 the production rose to the highest 

0 2 
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figure yet recorded, 1,129,363 tons, accompanied by a rise in value 
to the peak figure of £2,703,068 1. o. b. Indian ports. During the 
year 1928, the upward tendency was not maintained, the output 
falling to 978,449 tons, valued at £2,198,896 f. o. b. Indian ports. 
In 1929, the output rose slightly to 994.279 tons, but the value 
fell heavily to £1,571,030. In 1924, first-grade ore, c. i. f. United 
Kingdom ports, fetched an average price of 22*9rf. per unit. In 
1926, this price fell to 21'5eZ., in 1926 to 18'4<i., in 1927 to 18*ld., 
in 1928 to 17*0rf., with a heavy fall in 1929 to an average price of 
14*0d!. per unit. This is only \d. above the fosi^war lower governing 
price of manganese* with an index figure of cost of supplies and 
services of 1*46. This continued fall in the price of manganese- 
ore from 1924 to 1929 is to be correlated with the fact that from 
1924 to 1927 the rate of increase of the world's production of manga¬ 
nese-ore was much greater than the rate of increase in the world’s 
production of pig-iron and steel. The fact that the world’s pro¬ 
duction of pig-iron and steel in 1929 exceeded the production of 
1928, whilst the production of manganese-orc was probably less, 
has not arrested the fall, in view of the fact that the available 
supplies of manganese-ore are now much in excess of requirements. 
Russia, by non-economic methods of exploitation and finance, is 
able to place large quantities of ore on the market at a price below 
the critical figuT^e of 13*0 pence referred to above. The large 
deposits of high-grade manganese-ore discovered near Postmasburg 
in South Africa are also being developed, and on the completion 
of the railway line now under construction, it may be anticipated 
that South Africa will secure a substantial portion of the world’s 
market. It is not surprising, therefore, that in spite of the apparent 
prosperity of the Indian manganese industry in 1929, as judged 
from figures of production and export, yet at the time of writing 
(August 1930) the industry as a whole is in a state of relative de¬ 
pression and many operators have ceased work. 

The present chief sources of production of manganese-ore are 
now India, Russia, the Gold Coast, and Brazil, whilst substantial 
supplies of ore are forthconoing from Egypt and Czechoslovakia. 

There is a steady consumption of manganese-ore at the works 
of the three principal Indian iron and steel companies, not only 
for use in the steel furnaces of the Tata Iron and Steel Company, 


♦ See Btc. Qt^ 8ttfv, Ind.^ VoJ. LXIV, p. 192, (l^SO). 
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and for the manufacture of ferro-manganese, but also for addition 
to the blast-furnace charge in the manufacture of pig-iron. The 
consumption of manganese-ore by the Indian iron and steel industry 
in the year xmder review amounted to 47,435 tons, against 69,872 
tons in 1928. 


Table 18. —Quantity and value of Manganese-ore produced in India 
during the years 1928 and 1929. 



1028. 1 

1 1929. 

— 

Quantity. 

Value, f.o.b. 
at Indian 
ports. 

Quantity. 

Value, f.o.b. 
at Indian 
porta. 


Tons. 

£ 

Tons. 

£ 

Bihar and Orissa — 

Gangpur State . 

Keonjhar State . 

Singhbhum 

0,379 
72,411 
i 23,199 

1 

15,337 

131,547 

55,773 

.53,433 

22,698 

62,3.38 

38,965 

Bombay — 

Belgaura .... 
Ohhota Utlppur . 

North Kaaara . 

Panoh Mahals . 

1,603 

7,267 

3,601 

63,040 

3,854 

17,214 

8,656 

151,559 

8,666 

9,415 

6,245 

66,326 

14,877 

15,888 

10.721 

96,693 

Central India — 

Jhabua .... 

3,835 

7,447 

. . 


Central Protnnees — 

Balaghat .... 
Bbandara . . . ; 

Chbindwara 

Nagpur .... 

248,497 
89,059 
! 37,069 

216,509 

632,632 

226,730 

94,371 

551,195 

263,105 

156,526 

29,814 

172,659 

482,359 

286,962 

54,669 

316,358 

Madras — 

BoUary .... 
Sandur State 

VizagapataTU 

5,257 

139,801 

29,094 

i 

7,679 

201,546 

45,580 

10,635 

140.604 

24,633 

9,131 

121,857 

23,716 

Mysore — 

OhitcJdrug 

Shimoga .... 
Tumk^ «... 

1,907 

27,994 

1,027 

2,869 

42,108 

2,898 

667 

38,436 

718 

611 

36,233 

663 

Total 

1 

978,449 

2,198.895 

994,279 

1,671,030 

■i 
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Table 20 shows tho diatributioii of manganese-ore exported from 
British Indian ports (excluding the Portuguese port of Monuugaa) 
during 1928 and 1929, from which it will be seen that the United 
Kingdom, with an increase in imports of 105,310 tons, has resumed 
her position as chief importer of Indian manganese-ore, a position 
she had lost in 1928, when she ranked after France and Belgium. 
France increased her imports by some 24,000 tons, whilst Belgium 
decrease hers slightly. Germany, who increased her imports in 
1927 and 1928, showed a substantial decrease of over 8,000 tons in 
1029. The Netherlands showed a large increase amounting to about 
29,000 tons. Italy sliowed a decrease of some 5,000 tons. The 
supply to the United States again dropped, from 76,000 to 51,260 
tons. Other countries increased their takings by over 4,000 tons. 


Table 19. —Exports of Ma^iganese-ore during 1928 and 1929 accord¬ 
ing to ports of shipmerU, 


Port. 

1928. 

1929. 





Tom. 

Tons. 

Bombay .... 

GsloaUft .... 

Madm. 

Mosangao (Portogoflse India) • 

• 

• 

• 

270,961 

378,604 

9,002 

176,677 

326,268 

440,302 

13,960 

184,969 



Total 

• 

834,144 

9M.4M 


Tablb 20. —Exports of Manganese-ore from British Indian^ ports 
during the years 1928 and 1929, 



1928. 

1020. 


QaaotUy. 

Value (£1-B8. 18<4). 

Quantity. 

Value (£1 •• 

Be. 18-4). 

To— 

UnUed Kingdopi 

O^i^ny 

Britain . 

mace 

iutm (k 

America. 

Ipl/tbcr fipopixlee 

Tops. 

150,227 

20,046 

7,601 

188,807 

106,676 

0,476 

76,000 

^046 

Rh. 

44,77,671 

6,40,002 

2,46,525 

61,61,868 

67,84,667 

8,17,887 

22,44,760 

2,24,008 

£ 

884,164 

40,070 

18,323 

385.170 

427,963 

23,686 

167,610 

a9»7oo 

Tons. 

204,587 

12.630 

86,360 

181,174 

210.066 

4.246 

61,260 

10,808 

Bh. 

77,87,790 

3,26.700 

10,26.112 

48,62,267 

60„71,778 

1.40,920 
15.88.600 

2,76,804 

; 

681,178 

S4,i^ 

446,666 

11,188 

114,818 

20A82 


66%I67 



779,5|9 


i,ss7,m 
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Mica. 

Thero was a further increase in the declared production of mica 
from 46,112 cwts. valued at Es. 24,10,499 (£179,887) in 1928 to 
63,231 owts. valued at Rs. 26,69,769 (£198,489) in 1929. This is 
the highest ])roduction yet recorded, with the exception of that 
of 1918 (54,710 cwts.). As has been frequently pointed out, the 
output figures are incomplete, and a more accurate idea of the 
aiae of the industry is to be obtained from the export figures. It 
will be seen from Table 22 that in the years 1928 and 1929 the 
quantity exported was more than double the reported production. 
In both the years 1926 and 1927 also the export figure was approxi¬ 
mately double the reported production figure. The United States 
of America and the United Kingdom, which are the principal im¬ 
porters of Indian mica, absorbed 26-1 per cent, and 44*6 per cent, 
respectively, of the total quantity exported during 1928 and 34*6 
per cent, and 41*7 per cent., respectively, during 1929. Germany 
took 16*0 per cent, and 8*8 per cent., respectively, of the 
total quantities exported during the years 1928 and 1929. 

The average value of the exported mica fell from Rs. 

98*0 (£7*3) per cwt. in 1928 to Rs. 90*5 (£6*7) per cwt. 

in 1929. The exports for 1929 (116,076 cwts.) are the highest 
yet recorded, the previous highest being 99,699 evrts. in 

1925. The value (£784,092) was, however, exceeded by the 

values of the exports of 1920 (76,517 cwls. valued at 
£1,066,438), 1926 (99,699 cwts. valued at £799,4 83) and 1926 

(89,947 cwts. valued at £820,901). 

The difference between exports and production is generally 
attributed to theft from the mines. If this be the only 

explanation we must assume that during the past tbre 

years there has been as much mica stolen as won b}^ 

honest moans. Early in 1928 a bill was introduced into 

the Legislative Council of Bihar and Orissa, the purpose 

of which w’as an attempt to reduce the losses on this 

account by licensing miners and dealexs; the bill was, how¬ 

ever, rejected. In March, 1980, however, a similar bill to 
r^nlate the poesession and transport of, and trading in mica 

was passed. 
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Table 21. —Quantity and value of Mica produced in India during 
the years 1928 and 1929. 


— 

1928. 

1929. 

Quantity. 

Value (£1 

-Be. 18-4). 

Quantity. 

Value (£1 • 

-Be. 18*4). 


Cwt8. 

Be. 

£ 

Cwte. 

Be. 

£ 

Bihar and Oritta — 







Gaya .... 

2,452 

1,00,704 

7,616 

8,887 

2,80,552 

20,987 

Hasaribagh 

32,419 

17,61,607 

131,466 

83,839 

17,82,786 

188,040 

Monghyr .... 

207 

14,084 

1,061 

824 

14,146 

],066 

Sambalpur 

5 

181 

10 




Santal Parganas 




10 

850 

26 

QwaUor .... 

140 

1 6,877 

518 

25 

1,776 

182 

^adrat — 







Kellore .... 

8,838 

4,77,8*8 

1 85,621 

10,085 

5,46,854 

40,785 

Kllgiris .... 

109 

10,068 

751 

109 

10,176 

760 

tlajpulana — 







Ajmer-Merwara 

630 

29,788 

2.219 

811 

17,479 

1,804 

Jaipur State 




87 

8,000 

224 

Shahpura State 

343 

10,067 

761 

104 

8,690 

276 

Total 

46,112 

24,10,499 

279,887 

68,8*1 

26,69,759 

198,489 


80 cwte. of uncut mica were produced in Pfttiala State in the Punjab during 39SO. 


Table 22. — Qmntity and value of Mica exported from India during 
the years 1928 and 1929. 




1928. 



1929. 



Quantity. 

Value (£1 

-Be. 18>4). 

Quantity. 

Value (£1 - 

Be. 18-4). 

re— 

Cwte. 

Be. 

£ 

Cwt^. 

Be. 

£ 

United Kingdom . 

42,656 

45,91,826 

842,674 

40,182 

42,89,252 

820,003 

Oermany 

15,286 

11,11>849 

82,986 

10,190 

6,19,895 

46,2*4 

France . . « • 

8,988 

4,29,509 


7,606 

4,66,624 

84,828 

United States of America 

28,968 

22,89,870 

167,117 

48,848 

48,76,606 

826,61* 

OtbCT oountrlea 

' 9,686 

9,82,892 

78,850 

9,899 

7,54,957 

56,840 

Mil 

N.479 

98,64,946 

698,180 


1,06,06,884 

7Si,m 
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Monazite. 

The monazite industry of Tiavanoote, whioli was moribund in 
the year 1925, when the reported production was 1 cwt. only, showed 
signs of revival in 1926, the output amounting to 64-2 tons valued 
at £947. The production rose to 280 tons valued at £3,810 in 1927, 
fell to 103*4 tons valued at £1,242 in 1928, and rose again to 180 
tons valued at £1,800 in 1929. The decline of the industry is of 
course due to the supplanting of incandescent mantles for gas 
lighting by electricity. It is hoped that ilmenite, collected with 
the monazite and hi^erto regarded as a bye-product, may be the 
means of reviving the industry; titania forms a valuable white 
paint superior to white lead in being non-poisonous and in posses¬ 
sing twice the covering power. 

Nickel. 

As a bye-product in the smelting operations of the Burma Cor¬ 
poration, Limited, at Namtu, in the Northern Shan States, there 
is now a regular production of nickel-speiss, which in 1927 amounted 
to 1,032 tons, and in 1928 to 2,933 tons, the latter production being 
valued at Rs. 6,34,961 (£39,922). In 1929 there was a further rise to 
3,066 tons valued at Rs. 6,38,780 (£47,670) containing 27*08 per cent, 
of nickel, 13*16 per cent, of copper and 30*03 oz. of silver to the ton. 
This speiss is shipped to Hamburg for further treatment. It contains 
from 3 to 4 per oeut. of cobalt. 

Petroleum. 

The world’s production of petroleum in 1926 amounted to a 
little over 151^ million metric tons, of which India contributed 0*79 
per cent. lu 1927, this figure jumped to some 171 million metric 
tons, of which the Indian proportion, on a practically stationary 
production, fell to 0*72 per cent. In 1928, there was another subs¬ 
tantial rise in the world’s production which reached the figure of 
over 181 million metrio tons. In 1929, there was another jump 
to nearly 203 million metrio tons. For this rise the United States 
and Venezuela were mostly responsible, but Russia, the Dutch 
East Indies, Roumania, Peru, Trinidad, Canada, Columbia, Ecuador, 
Argentina, Persia and smaller producers all contributed to the increase. 
There was a dooline in the case of Mexico and India. The United 
States contributed 67 per oent. of the world’s supply in 1929 and 
Venezuela 9*7 per oent. of the total world’s production* In 1928, India 
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oontributed 0’70 per cent., whi^ {eU t» 0*61 per o^t. in 1929; her 
peeitikm on the list of petroleum-prodnoing oovivliries fell from llth 
in 1928 to 12th in the year under review, her place beuig taken by 
Trinidad. 

Although petroleum statiaties prove that it ia beooming more 
and moce difficult to maintain Idie output of India (including Burma) 
at the high levels it reached in 1919 and 1921, when peak {UH>duo> 
tions of well over 805^ million gallons were reached, the produc¬ 
tion thm'eafter failing to 281,113,909 gallons in 1927, yet the pro¬ 
duction during 1928 reached the figure of 305,943,711 gallons, and 
in 1929 the figure af 306,148,093 gallons, which is the highest ever 
recorded. This sli^t increase in output in 1929 was accompanied 
by a substantial increase in value amounting to Rs. 65,15,623 
(£486,241). The increase in output recorded in 1928 and 1929, 
notable as it is, can only be rogurdcd as an arrest in the decline 
which has set in and which, with possible interruptioi^s, is likely 
to continue slowly and steadily during tbe present generation, un¬ 
less a new field of importance is discovered. The chances of the 
latter recede year after year as exhaustive geological research con¬ 
tinues to prove fruitless. A conservative policy rather than one 
of intensive development is indicated, especially in view of the 
national importanee of this mineral aaeet. 

The YcnangyauQg field of Upper Burma, the most highly 
developed field in the Indian Empire, again shows a decline in 
output. In 1924, it succeeded in showing an increase of nearly 

million gallons, but this temporary arrest in the decline was 
more than neutralised by a drop in 19®6 of wet 21^ million gallons. 
In 1926, the drop amounted to 14J million gallwos, in 1927 to 8^ 
million gallons, in 1928 to million galkuiB, and in 1929 to one 
million gallons. It is interesting to note tiiat the production in 
Yenangyaung still includes oil derived from the old Burmese hand- 
dug wells. 

in the Yenangyaung field it is now seldom that a new well 
strikes a yield of over 60 barrels per mitial 24 hours, nearly all 
the exceptions occurring in the Khodaung tract and in the previ- 
onsly untapped eastam extmsioH of tbe 2,600—2,800 ft. sands, 
^e higher prodnotioB from the Buzmah Oil Company’s wells in 
Shodaung is due in part to the geologioal position of the Uook 
and to the relathrdy yonthful tiago of its piodaoing life, hmi in the 
naia to the proper seientUle a yt t om «f d«volo|paMo^ it has haen 
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p^ible to B(]opt tkere, 9^ oempMed with the intensive oompeti- 
tive drilling in the reserved areas. The number of producing weHs 
in the Yenangyaung field in 1036 amounted to nearly 2,450, inolud' 
ing about 150 hand-dug wells, and m 1629 to nearly 2,780 includ¬ 
ing about 1B5 hand-dug weUe- As in the previouB year the ex¬ 
ploitation of the shallow aands, which ware oiiginaUy drilled through 
without protection in the competitive rush for deeper sands, has 
l>eeu a prominent feature of development, and the productioH 
obtained from this source amounted at the end of the year to apjwox- 
imately 10 per cent, of the total production of the field. 

The relative merits of repreasuring and suction are now e^ter- 
(iising the nunds of operators in Yenangyaung. It seems probably 
that lK)th processes, employed at the proper time, will be found 
useful in increasing the yield from the various sands to which they 
are applied. To make full use of gas pressure in the oil sands, 
it would appear advantageous to use the represeuring process a^ 
long as passible and to postpone the use of vacuum. The adverse 
effects of the latter are not only the removal of the driving force in 
the form of gas, but an abstraotion of the lighter components ot 
the crude oil causing earlier paraffinatiou of the sands. On the 
other hand, it is difficult to decide to what extent the result pf 
represpuring is an actual increase ui the total crude oil extracted 
from tin' sand, or merely accelerated production. During the year 
there was a great increase in represaui^ng activities in areas operated 
by the Jiurmah Oil Company, including the extension of this method 
of stimulating recovery to intermediate axul bwer sands. Proposals 
were also considered for the co-operative repressuring of the Berne 
Reserve. 

Of the several companies operating in this small field, the 
Burmah Oil Company produces about four-fifths of the total output. 
Very little conl^butioa to our knowledge of deeper horizons in the 
field has been made during the year and the test well in Block 4S 
remained the deepest well in Burma, but owing to its mechanical 
condition it Ilm not been possible to test the productivity of the 
sands encountered in it. A well in Block 6S reached a depth of 
4,105 ft. without proving the enstonce of oommeroial accumula¬ 
tions of oil. I^rge volumes of gas have, however, been encountered 
in this weU. 

thooietioal ajs4 psaotioal eKpeotations based on the observed 
asymmstijr of the YsnongyMing stouotiive have hoem leaMsed and 
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a munber of wells completed doling tiie year are yielding production 
on a commercial scale from horizons correlative with the 2,500—2,800 
ft. zones of the field, in an area situated outside and to the east of 
the produotive limits of the shallow sands. 

During the year there were 15 outbreaks of fire. Out of 110 
aooidents reported during 1929, only 7 were fatal. The price of 
hand-dug oil at the river bank during the year in question averaged 
about Re. 12-10-0 per 100 vise during the first quarter of the year. 

The place of Yenangyaung is being steadily taken by the Singu 
field, which, in a few years, will undoubtedly usurp the premier 
position so far held by the older field. Singu, the greater part of 
which is in the hands of the Burmah Oil Company, is used to make 
good the deficiencies of Yenangyaung in order to maintain supplies 
to the refinery. In 1929, the output of Singu fell by some 22 million 
gallons. This decrease in production is due not to any actual decline in 
the potential productivity of the proved horizons, but to the policy 
of the Burmah Oil Company in taking from this field only sufficient 
oil to stabilise their refinery throughput. The restriction of pro¬ 
duction from this field has afforded the opportunity for experi¬ 
mental work on the control of pressure and it may be confidently 
anticipated that the results achieved will have a far reaching and 
beneficial effect on the ultimate recovery from the field. In addi¬ 
tion to the wells completed and put to production, a large number 
were drilled to horizons situated just above productive sands and 
cemented there. These wells can be drilled into the productive 
sands in a very short time and the total field production sub¬ 
stantially increased. Many wells are producing from the 3,000 foot 
sand. 

Little contribution has been made to our knowledge of deeper 
horizons. A well in Block 57N was drilled to a depth of 4,910 ft. 
without obtaining production on a conunercial scale below the 3,000 
ft. zone. Considerable extension in the use of electric power, both 
for drilling and production, was made during the year, and has rend¬ 
ered possible large economies in the use of gas for fuel. 

Drilling was first started on the Yenangyat field in 1891 by the 
Burmah Oil Company. The expansion was slow up to 1894, but 
rose rapidly to a yield of over 6 million gallons in 1898, and in 1903 
the highest quantity recorded from this field was produced, namely, 
22,366,618 gallona. Subsequent to that year, a decline set in. 
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gradual at first, but severe after 1906. Between 1909 and 1918, 
production averaged a little over 6 million gallons. From 1918, 
onwards the decline was gradual but persistent until 1925, when 
it had sunk to a little more than 1-| million gallons. Since 1925, 
there has been a gradual recovery. In 1927, the output was 
1,844,946 gallons. In 1928, the yield rose to 3,072,222 gallons, a 
stride due to increased drilling on the part of the Burmah Oil C!om- 
pany, and also to expansion by the Tndo-Burma Petrcleum Com¬ 
pany in the Lauywa area in the south ; in 1929, the yield jumped 
to 17,606,935 gallons, due to increased production from Lanywa. 
In the Yenangyat field proper, 11 wells were completed during the 
year with an average production of nearly 20 barrels. One well 
in Block 9 is reported to have yielded an initial production of 200 
batrols per day. A number of deep testa are in progress but none 
had proved accumulations of oil of commercial value at the end of 
the year. 

It has long been recognised that the Lanj'wa oilfield is struc¬ 
turally more closely related to the Singu than the Yenangyat struc¬ 
ture, and in September, 1929 the I^nywa area was notified as part 
of the Chauk oilfield. The embankment for the protection of 
the Lanywa-Sitpin sand bank was completed during the early part 
of the year and by the end of the year 12 producing wells had 
been drilled in this field, the total production for the year amount¬ 
ing to approximately 16,000,000 gallons, which is still included in 
the production of the Yenangyat field. The drilling of 4 more 
wells was in progress at the end of the year. As remarked before 
the striking of remunerative supplies of oil at Lanywa makes it 
almost certain that the river Irrawaddy covers oil deposits of com¬ 
mercial size. The question of reaching the sub-fluviatile deposit, 
by tunnelling beneath the river with chambers large enough to 
accommodate drilling derricks, is now under cor aiderstion. 

Of the other Burma fields. Minbu showed a small decrease 
amounting to some 300,000 gallons. Some 220 wells were pro¬ 
ducing. In the Minbu field the limit of economic spacing was 
reached in the Shwelinban shallow well area. Of the deep test 
wells one has been abandoned, whilst that in Block 13S, encoun¬ 
tered gas and oil below 2,300 ft. The initial production of oil was 
125 barrels per diem with gas sufficient to supply the fuel require¬ 
ments of the operations in the Palanyon portion of the field. The 
crude oil produced by thic well is of higher grade than is produced 
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by the other laMwn muds iu the Minbtt held and is, theiteloN, a 
Tahiable addition to the resources of area. The h^avy oil* 
frem Min im is less profitable to tehne than that produced from 
other fields. 

There was a further noticeable imprOTOteent in the case of the 
Upper Chradwin, which again showed aol increase, amounting to 
ever 487,000 gallonr. The Thayetmyo fields, which had shown a 
large decline in 1928, amoimtiug to over 272,000 gallons, showed in 
1929 a small increase of some 19,000 gallons. Of the Thayetmyo 
fields, Yenamna has been drilled to the limit of economic spacing 
and k) 1929 showed a decline of approximately 10 per cent, 
of its 1928 production. The production of Padankpin on the other 
hand showed a slight increase, due mainly to two shallow wells 
completed during the first half of the year. Tests are being oanied 
out at Minhla. The output from Kyaukpyu remained at its usual 
low level, and that of Akyab fell by over 3,000 gallons to 1,980 
gidlons. In Assam, the Digboi field gave a somewhat disappointing 
increase of abont 3 millien galktns. An eastern extension well was 
stuted at Hansapung and a deep test of the Digboi field also has been 
began. Operations at Burragelai have been suspended temporarily. 
In the Sanaa valley the ou^ut from the Badarpnr field decreased 
by nearly 700,000 gallons^ due to Uatitral decline and faikire to prove 
new sands or extensions. The number of Wells drilled totals 60, but 
results have been dwappointii^. Drilfiog dlffionlties are unusually 
great while the decline in yield is abnofmaBy rapid. A new well 
to test deep horizons was b^tm, but had not reached unexplored 
horizons before the end of t^’ year. In the prospecting area of 
Masimpur production fell heavily by some 20,000 gallons to a little 
over 5,000 gtdlons. Water trouble has bem experienced in* the 4 
wells drilled, and progress in tho fourth i» prevented by caving, 
attempts to control whi(^ have not yet been suooesafUl. At Pathsria 
no oil was produced during tbe year. The atrea is being tested by a 
second well which has not yet reOthed new horizons. 

In the Punjab, the output froru the KbawT field shewed another 
increase, this time amounting to Ihe large %Ure of nearly 7 million 
gallozts, an ineroaoe of nearly 57 per cent. Tbe bulk of this oil 
was obtained from the 3,800^foot samd proted in the preceding 
year. - 

!fheie was a alight decrease- in tbe imports of kerosene, doe to 
decreases in the kaports fmm Peniw (19 nriHinii^, 8nmntr* (2 
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millions) and Borneo (12^ nullions), not quite balanced by increases 
from Russia (including Georgia), the Straits Settlements, the United 
States of America and other countries. Imports from the United 
States of America, which fell from over 60J million gallons in 1927 
to not quite 17 million gallons in 1928, recovered slightly to 23| 
million gallons. The increase from the Straits Settlement amounted 
to nearly 9 million gallons. 

The quantity of fuel oil imported into India during 1929 was, 
as Table 25 will show, over 14 million gallons more than that 
received during the previous year, the total imports for the year 
under review being a little under 115 million gallons. Over three- 
quarters of the supply was derived from Persia and the greater 
part of the rest from Borneo. 

The export of paraffin was again iuoroased to tlic extent of 
over 14,000 tons more than it was during the previous vear (see 
Table 26). 


Table 23.— Quantity and value of Petroleum yrodi^ced in India daring 
the years 1928 and 1929, 




1928. 

1020. 


QuAntily. 

Valut5<£l-K«. 18 4). 

Quantity. 

Valae (£1-R«. 13-4^. 



Gah. 

Ra. 

£ 

Oals. 

Rs. 

£ 

A»»am — 








Badarpor 

. 

2,730.576 

7,12,324 

68,169 

2.086,275 

5,09.069 

37,990 

Dlgboi . 


28.746.982 

40.08,684 

866,315 

31,407,054 

53,78,403 

401,373 

Batlmptir 


25,780 

6.725 

501 

5,300 

1,340 

lfK» 

Burma-— 








AkjrAb 


6.200 

2,428 

181 

1.080 

014 

(‘»h 

Kyaukpyu 


15,227 

14,325 

1.069 

ir>,o:\i 

lit.ClX) 

1.022 

MInbu 


0,101.822 

11.44,t»9l 

H5,38<» 

r..8l5.2:.2 

12.41.79^ 

92,672 

Slfifa 


11.3,986,786 

2,13.72,618 

1,504.964 

01,481.726 

1,04,39,867 

1 450 786 

Thayetmyo 


727,322 

1,37,623 

10,270 

746,221 

1,58,672 

11,8.31 

Upper Ohlndwln 


2.808,880 

1,78.166 

12,923 

2,706,560 

f.(»9.7#2 ! 

15.652 

YenangyAt 


3,072.222 

5,76,041 

42,988 

17.606,935 

37,50,710 

280,575 

YaungyAimg . 


185.069.704 

2,56,08.086 

1,017,885 

134.086,816 

2 88,10.684 

2,150,051 









Attook . 

. 

12.254.160 

80,63.540 

228,622 

10,208,880 

48,02,220 

358.375 

Total 

• 

1 aM»94a^7ii 

1 5JS,I0,S86 

4JI4,m 


, 6,43,26,009 

^ 4,800,446 
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TABiiB 24. —Imports of Kerosene Oil into India during the years 

1928 and 1929. 



1 1028. 

1020. 


QnantUy, 

Value (£1- 

Es. IS'4). 

Quantity. 

Value (£1-B8. 18*4). 


Oals. 

Bs. 

£ 

Gala. 

fie. 

£ 








BubbU 

14,180,588 

70,20,185 

501,055 

12,778,434 

65,73,505 

400,558 

G«OIgiA . 

20,516,888 

00,78,066 

744,250 

25,801,616 

1,84,08,505 

1,005,085 

PenU 

88,530,028 

1,58,88,785 

1,250,240 

28,821,758 

1,10,18,640 

880,451 

StrtH* Settlementf 
(Inolnding Lftboan). 

78,780 

48,585 

8,240 

0,020,855 

47.28,575 

852,505 

Sumatra. 

2,074,180 

11,87,178 

88,505 

.. 

.. 

.. 

Boniao . 

15,162,888 

78,65,877 

585,222 

2,770,200 

15.06,022 

110,178 

United Statea of 

Amerloa. 

15,054,000 

1,16,50,044 

862,015 

28,549,135 

1,48,87,455 

1,078,501 

Other oonntrlea 

1,050,880 

5,06,200 

44,408 

0,568,556 

88,48,717 

285,845 

TOYAL 

101438,066 

5,59,^8,271 

4,176,787 

0a.8Q0«563 




Table 26. —Imports of Fuel Oils into India during the years 1928 

and 1929. 



1028. 

1020 . 


Quantity. 

Value (£1- 

Be. 18*4). 

Quantity. 

Value (£1-: 

Be. 18*4). 


Gals. 

Be. 

£ 

Gals. 

Be. 

^ £ 

Wnm — 




[ 



Fenla 

81,826,205 

1,50,78427 

1,125,288 

88,785,580 

1,57,17,600 

1,247,582 

Straita SetUemeuti 
(tneluding Laboan). 

4,713,687 

15,85,845 

125,772 

10,831,806 

22,18,485 

165,185 

Bomeo . 

14,140,215 

8548,120 

263,202 

15,706,600 

81,50,087 

285,824 

Other ooontrlta 

288,250 

81,052 

6,040 

102,444 

18,505 

1481 

Tom 

(■ 




114,906410 

1 

2,21,09,627 

i;$40,972 
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Table 26 .—Exports of Paraffin Wax from India during the years 

1928 and 1929. 




1928. 

1929. 



Quantity. 

Value. 1 

(il-B*?. 18-4). 

Quantity. 

Value. 

(£l = Ks. 13*4). 



Tons. 

1 

Bs. 

£ 

Tons. 

Rs. 1 

£ 

To — 








UAlted Kingdom 


11,511 

63,22,111 

397,172 

21,534 

1,05,73,410 

789,061 

Germany. 


3,227 

15,03,519 

112,203 

2,818 

13,08,705 

97,665 

Netherlands 


5,492 

25,07,900 

187,101 

5,037 

23,01,319 

171,740 

Belgium . 


5,717 

25,47,830 

190,137 

4,845 

22,98,100 

171,500 

China 


4,734 

22,03,006 

104,408 

1,635 

7,03,177 

56,053 

Union of South Africa 

2,179^ 

10,05,830 

75,062 

1,034 

9,03,163 

67,400 

Portugueae 

Aii^. 

Bast 

2,789 

10,93,133 

126,363 

8,351 

1 

■mui 

165,800 

United StatM 
Amerioa. 

of 

4,005 

18,49,575 

188,028 

7,518 

^4,21,000 

255,303 

Aontralia. 

. 

914 

4,10,778 

31,108 


5,45,158 

40,083 

New Zealand. . 

. 

351 

1,59,705 

11,918 

■B 

32,532 

2.428 

Other countries 

• 

8,697 

39,07,581 

296,088 

14,084 

66,34,087 

495,081 

Totai 

• 

49,870 

2,S1,77,094 

1,729,033 

64,003 

S,10.02,432 

2,313,614 


Ruby, Sapphire and Spinel. 

A severe decline in the output from the Mogok ruby mines of 
Upper Burma in 1924, followed in 1925 by a marked drop in value, 
bore witness to a serious decline in the industry. The Burma 
Ruby Mines, Limited, ultimately decided to go into liquidation, 
and the mines were offered for sale in September, 1926. The skeleton 
organisation left in charge of the mines, however, made good use 
of its opportunities with the result that the value of the output 
in 1926 exceeded that of the previous year by over a lakh of rupees. 
This encouraging result was effected by a rigorous economy and 
an extension of a system of co-operation with local miners, and 
was assisted by some good finds of sapphires in the Kyaungdwin 
mine—tha only one still worked by European methods. 

During 1927, however, production fell in value by over 1| lakhs 
of rupees, due mainly to a decrease in the value of the sapphires 
and spinels produced, there having been a slight increase in the 
value of the rubies. During 1928, there was another very large 

X> 
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decline in value, amounting to over a lakh of rupees, due to a severe 
drop in the value of the sapphires produced; as before, there was 
a slight increase in the value of the rubies. The value of the 1929 
production was slightly above that of 1928, due to a considerable 
increase in the value of the rubies found, largely balanced by another 
large fall in the value of sapphires produced. 

The production of ‘ corundum with sapphire patches ’ in Kashmir 
during 1928 amounted to 1 cwt. only. The production in 1927 
amounted to 11 cwts. and in 1926 to 1*6 cwts. The value in each 
case was not stated. 


Table 27.— Quantity and value of Ruby, Sapphire and Spinel pro¬ 
duced in India during the years 1928 and 1929. 




1928. 

1929. 



Quantity. 

Value (£1 ^Bs. 18-4). 

Quantity. 

Value (£1. 

-Bs. 18-4). 

Burma 


Carats. 

r 82,010 

(Bubles) 
i 4,600 

(Sapphires) 
t 8,870 

(Spinels) 

Bs. 

1.22,181 

64,858 

478 

£ 

9,118 

4,098 

86 

Carats. 

87,640 

(Bublea) 

2,580 

(Sapphires) 

8,480 

(Spinels) 

B«. 

1,70,426 

10,992 

842 

£ 

12,ns 

820 

20 


Total 

40,880 

1,77,618 

16,841 

43,650 

1,81,760 

* 18,664 


Salt. 


There was a substantial increase in the total output of salt 
amounting to 193,762 tons, the three chief contributors to the in¬ 
crease being Aden, Bombay and Sind, and Northern India (146,136 
tons). There was a small increase from Burma. Madras showed a 
decrease of 27,330 tons. 


Table 28 . —Quantity and value of Salt produced in India during 
the years 1928 and 1929. 


Aden 

Bombay and Sfnd 
Banna 
QwaUor (a) 

. 

Northern India . 


Quantity, | Tahie (£1 18-4). I Quantity. 


Tons. 

222,771 

400,878 

21,822 

00 

448,688 I 
801,788 


Es. 

18,60,844 

26,82,080 

6,17,220 

8,107 

20,80,040 j 
28,89,079 


£ 

189,817 
192,788 
88,699 
282 j 
196,720 
178.289 


Tons. 

240,24] 

609,88^ 

28,821 

21 

421,20f 

607.911 


mjUtsW 99,94,998 745,896 (b)h70«,m 


(6) ^chidee tlie production of 2 twin 1W8 and 1 tpn tn 1999 in Kaifainlr State, 
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Table 29.—Quantity and value of Uock-saU produced in India during 
the years 192i and 1929. 


— 

^ 1928. 

1 

1029. 

Quantity. 

Value (£1-Rs. 18-4). 

Quantity. 

Value (£1. 

-Bs. 13-4). 


Tons. 

Ba. 

£ 

Tons. 

Rs. I 

' £ 

Salt Range .... 

131,780 

7,88,704 

GS,402 

156,303 

10,20,005 

76,865 

Xohat .... 

10,812 

63,276 

4,722 

10,615 

68,068 

4,707 

Kandl. 

8,811 1 

01,404 

6,828 

8,284 

1,00,023 

7,464 

ToUl 

!<•.»* 

9 , 38^664 

70,042 

178,«M 

11 , 93,086 \ 

89,036 


Table 30 .—Imports of Sail into India during the years 1928 and 

1929. 


— 

1928. 1 

1929. 

Quantity. 

Value (£l-.Rs. 13-4). | 

1 

Quantity. 

Value (£1« 

Rs. 13-4). 

1 

Tons. 

Rs. 

£ 

Tons. 

Rs. 

£ 

From — 






1 

United Kingdom 

76,238 

22,44,002 

167,468 

72,863 

17,55,670 

131,013 

Germany . 

62,409 

17,05,on 

127,844 

60,786 

14,84,758 

107,on 

Spain 

67,079 

17,26,810 

128,702 

54,871 

11,07,026 

82,614 

Aden and Dependencies 

201,167 

49,04,564 

366,012 

220,415 

48,57,968 

825,221 

Kgypt 

112 ,ns 

27,32,168 

203,892 

104420 

21,39,687 

150,678 

Italian East Africa 

55,505 

13,04,626 

97,360 

67,030 

1147.672 

1 84,155 

Other countries . 

38,106 

8,17,208 

60.992 

37,406 

7,26.820 

1 54440 

1 

Total 

614487 

1,54,33,529 

l,15hf55 

667406 

1,26,49,505 

i 

f 

1 943,992 

1 


Saltpetre. 

Although statistioB of production of saltpetre in India are no 
longer available, the export figures may be accepted as a fairly 
reliable index to the general state of the industry. Excepting a 
few hundreds of tons required for internal consumption as fertiliser^ 
most of the output is exported to foreign countries. The quantity 
exported in 1929 amounted to 91,708 owts, valued at Rs. 9,61,061 
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(£71,720), against 89,670 cwts. valued at Rs, 10,00,034 (£74,629) in 
1928. 

A certain amount of nitrate of potash is used for agricultural 
purposes on the tea gardens of India. During the war when it 
was impossible to obtain supplies of imported potash, the amoimt 
of locally produced nitrate utilised in this way reached an appreci¬ 
able figure. The practice continued and the quantities estimated 
to have been absorbed for fertilising purposes on tea gardens in 
1923, 1924, 1926, 1926, 1927 and 1928 were 1,000, 1,100, 800, 700, 
600, and 260 tons respectively. In 1929, tliis figure is estimated 
to have been 300 tons only. The gradual decrease since the year 
1926 is due to the fact that it is found cheaper to employ a noixture 
of imported sulphate of ammonia and muriate of potash.^ 


Tabub 31.—Distribution of Saltpetre exported from India during the 

years 1928 and 1929. 



1928. 

1929. 


^Quantity, j 

Value (£1- 

► Be. 13-4). 

f 

1 

Value (£1« 

-Ks. 13-4). 


Cwte. 

Be. 

£ 

i Cats. 1 

Be. 

£ 

To — 







United Kingdom 

16.224 

1,05,848 

14,678 

26,054 

2,93,854 

21.020 

Ceylon .... 

63,630 

6,04,892 

45,141 

69,711 

5,66,286 

42,260 

Straits Settlements (Includ¬ 
ing Lsbnan). 

2,868 

44,427 

8,816 

2,235 

20.Q08 1 

2,165 

Manrltiitt and Bependencies 

6,084 

1,14,680 ' 

8,558 

2,544 

50,880 

8,707 

Other couniriee 

1,764 

1 40,687 

8,036 

1,164 

21,023 

1,560 

Tctal 

-j 

89.570 

10,00,034 

74,629 

91,703 

9,61,061 

71,720 


saver. 

In contrast with the increases in the production of silver from 
the Bawdwin mines of Upper Burma, amounting to 1,400,291 ozs. 
rooorded during the previous four years, 1929 was marked by a 
decrease amounting to 124,211 ocs. The output of silver obtained 
as a bfe^prodoot from the Eolar gold mines of Mysore decreased 
to the extent of 3,272 ozs. 

• infdniuitioii kindly rappHcd by MwerH. Shaw, Wallace A Co. 
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Table 32. —Quantity and value of Silver produced in India during 
the years 1928 and 1929. 



1928. 

X929. 


j QoADtity. 

f Value (£1-Efl. 13*4). 

1 

Quantity. 

j Value (£1 - 

Es. 13-4). 


OZf. 

Bl. £ ‘ 

OZ8. 

1 B*- 


Burma — 




1 


Kortlicrn Slian Statea . 

7,404.728 

1,19,26,055 890,004 | 

1 7,280 517 

1,07,81,482 

800357 

My$cre — 






KuUr 

1 

21,082 

32,916 2.456 

1 

17.8)0 

1 *5.15 

1,877 

Total 

7.425,810 

_i 

1,19,58,971 892^460 

7.238.327 

1^ 

l,07,56,fiS7 

1 

802,734 


Tin. 

A oonaidciable inoroase in the production of tin-ore in Burmft 
has to be reported for the year under review, during which the 
output amounted to 3,784-5 tons valued at Rs. 59,97,401 (£447,567), 
against 2,780 tons, valued at Rs. 45,41,201 (£338,895), in the pre¬ 
ceding year. This increase of 1,004-5 tons is somewhat fictitious, 
as the figures for 1928 did not include 218 tons of low-grade complex 
wolfram-scheolitc-cassiterite-ore recovered from the mine dumps of 
Mawchi in the Southern Shan States, and purchased from tributes 
for £4,018. No milling operations were performed, and the percent¬ 
age composition of the mixed ore was therefore not precisely known. 
The figiure for 1929 includes 371-3 tons from Mawchi, calculated 
to be the proportion of tin-ore in 661-5 tons of concentrates derived 
from mixed wolfram-scheelite-cassiterite-ore, these concentrates were 
assumed to contain 43 per cent, of wolfram and 67 per cent, of cassi- 
terite. There is no reported output of block tin. 

Imports of imwrought tin decreased sbghtly from 66,316 cwts. 
valued at Rs. 92,22,619 (£688,256) in 1928 to 55,358 cwts. valued 
at Rs. 80,96,974 (£604,177) in 1929; over 96 per cent, of these im¬ 
ports cams from the Straits Settlements. Wrought tin, to the 
extent of 111 cwts. valued at Rs. 19,366 (£1,446), was also imported 
into l«dia during the year under review. 
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Tiblb 33 .—Quantity and value of Tin-ore produced in India during 
the years 1928 and 1929. 



1928. 

1929. 


Quantity. | 

1 

Valae(£l-B8. lS-4). 

Quantity. 

Value (£l-Es.l8-4). 


Tons. 

1 

£ 

Tons. 

Es. 

£ 

Burma — 







Aiaberst . , . . 

0 

10,917 

815 

40*2 

00,136 

4,488 

Hergal .... 

1,062 

19,06,867 

142,228 

1,184-0 

20,09,782 

140,984 

Soaihern Shan States 

1 


.. 

371-8 

(«) 

6,88,390 

48,010 

Tavoy .... 

1,712 

80,16,122 

196,168 

2,170-9 

33,11,761 

247,146 

Thaton .... 


9,805 

694 

181 

27,833 

2,040 

Total 

a7so' 

45,41*201 

358,895 

8.784-5 

59,97,401 

447,567 


(a) flBtlioated. 


TABLr 34 .—Imports of unwrougJu Tin {blocks, ingots, bars and slabs) 
into India during the years 1928 and 1929. 



1928. 


1920. 

-Ba. 18-4). 


Quantity. 

Value (£1-.B8. 18-4). 

Quantity. 

Value (£1 < 


Cwtfl. 

Es. , 

£ 

Cwts. 

Es. 

£ 

From — 







United Kingdom . 

1,281 

2,03,419 

15,180 

1.322 

2,08,261 

"l6,542 

Straits Settlements (includ* 
ing Labnan). 

54,105 

88,85,008 

663,060 

52,062 

77,26,406 

576,598 

Other countries 

880 

1,84,107 

10,015 

1,074 

1,61,808 

12,037 

Total 

5M16 

92*22,619 

688,265 

81.158 

80,95,974 

604,177 


Tungsten. 

Dnzhig the past three years there has been a tail in the output 
of wolfeam from 1,484 tons in 1926 to 622 tons in 1938, the last 
bebg valued at Ba. 299,649 (£22,354). A little over 218 tons of 
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low-grade complex wolfram-scheelite-cassiterite-ore, recovered from 
the mine dumps of Mawchi in the Southern Shan States of Burma 
and purchased from tributors for £4,018, have been omitted from 
the figure for 1928, since no milling operations were undertaken 
and the percentage composition of the mixed ore is not precisely 
known. The figure for 1929 includes 280*2 tons from Mawchi, 
calculated to bo the proportion of wolfram in 661*5 tons of con¬ 
centrates (assumed to contain 43 per cent, of wolfram and 67 per 
cent, of cassiterite) derived from the mixed wolfram-schcelite-cassi- 
terite-oro. In 1929, the output rose again to 1,348*4 tons valued at 
Rs. 15,16,795 (£113,193). 

The output of Tavoy recovered from 593 tons in 1928 valued at 
Rs. 2,87,862 (£21,481), to 1,010*8 tons in 1929 valued at 
Rs. 11,76,240 (£87,704). This increase in the value per ton of the 
production for 1929 is a reflection of a great inorease in the market 
price of wolfram per unit, which rose from 14 shillings 6 pence 
per unit at the beginning of 1928 to 19 shillings at the end 
of that year and 33 to 36 shillings at the end of 1929. 


Table 36.— Quantity and value of Tungsten-ore produced in India 
during the years 1928 and 1929. 


— 


1928. 

! 


1020. 


Quantity. | 

1 

1 

Value 13-4). ^ 

Quantity. 

Value (£1 

-Bs. 13-4). 


Todh, 

B*. 

£ 

1 

1 

Ton*. 

1 

Bs. 

£ 

Burma — 



j 




Mergul .... 

20 

11,«07 

873 

50*4 

21,090 

1,641 

SoutlMTB Shim State* 

•• 

•• 

•• 

(a)280-2 

3,15,107 

23,522 

Ta^oy .... 

503 

2,87,852 

21.481 

1,010-8 

11,75,240 

87,704 

Thaton .... 

•• 

*• 

•• 

7-0 

4,368 

1 3X6 

Total 

on 

2,99,S4B 

22,354 

3.848*^ 

16,16,796 

113,196 


(a) ystinimted. 
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Zinc. 

The production of zinc concentrates by the Burma Corporation, 
Limited, in the Northern Shan States, fell from 64,122 tons valued 
at Rs, 74,96,118 (£669,412) in 1928 to 68,436 tons valued at Bs. 
64,80,034 (£408,968) in 1929. The exports during the year under 
review amounted to 67,408 tons valued at Rs. 68,00,930 (£607,532) 
against 76,031 tons valued at Rs. 74,10,889 (£663,061) in the pre¬ 
ceding year. 


Zircon. 

The output of zircon, a mineral obtained as a concurrent product 
in the collection of ilmenite and monazite in Travancore State, 
increased from 866-2 tons valued at £4,267 in 1928 to 1,473 tons 
valued at £10,806 in 1929, in spite of a small decrease in the produc¬ 
tion of ilmenite. 


III.—MINERALS OF GROUP II. 


Agate. 


Alum. 


The agate mines of Rajpipla State, Bombay Presidency, which 
had not been worked since 1917, were the source in 1929 of 
an output of 148-7 cwts. valued at Rs. 8,000 
(£597). 

The output of alum in the Mianwali district, Punjab, amoimted to 
only 478 cwts. valued at Rs. 5,626 (£412) in 1928, whilst in 1929 
there was no manufacture owing to the low 
market rate. 

The production of amber in the Myitkyina district, Burma, 
decreased from 29-5 cwts, valued at Rs. 12,020 (£897) in 1928 to 
19-6 cwts. valued at Rs. 6,080 (£464) in 1929. 

Amb^r. 

He production of apatite in the Sioghbhum district, Bihar and 
Orissa, was 806 tons valued at Rs. 14,490 (£1,081) in 1928. In 
1929 there was no production from Singhbhom, 
but there was an output in the Tiiohinoplj 
district, Madras, of 22 tons of apatite valued at Rs. 202 (£16). 
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Aibestof. 


Birytes. 


There was an increase in the total production of asbestos which 
amounted to 318*4 tons valued atRs. 16,160 (£1,206) in 1929, against 
156*5 tons valued at Rs. 21,736 (£1,622) in 

1928. 80 tons were produced in the Serai- 
kela state of Bihar and Orissa, 88*4 tons in the Cuddapah district, 
Madras, and 150 tons in the Hassan district of Mysore. The value 
of the asbestos from the Cuddapah district, which is reported as 
being of the first quality, has probably been greatly underestimated. 

Of the total production of 3,750 tons of baiytes valued at Rs. 
22,739 (£1,697), 802 tons were produced in the Kurnool district, 
Madras, and 2,948 tons in the Alwar state, 
Rajputana. The production in 1928 amounted 
to 3,096 tons valued at Rs. 19,610 (£1,463). 

There was a large decrease in the total production of bauxite, 
which fell from 14,667 tons valued at Rs. 94,253 (£7,034) in 1928 to 
9,044 tons valued at Rs. 72,352 (£6,399) in 

1929. 9,044 tons were produced in the Kaira 
district of Bombay, but there was no production in the Jubbulpore 
district of the Central Provinces. 

In Jaipur State, Rajputana, 40 cwts. of 
beryl were extracted: no value has been re¬ 
ported. 

The production of native bismuth from the Tavoy district, 
Burma, rose from slightly from 82 lbs. valued at Rs. 267 (£20) in 
1928 to 88 lbs. valued at Rs. 308 (£23) in 1929. 

Dutnitib. 


Bauxite. 


Beryl 


Borax is produced from the Puga valley in the Ladakh talisil 
of Kashmir state. The production amounted to 7*3 cwts. valued 
at Rs. 23 (£1*7) in 1929, against 15 cwts. 
valued at Rs. 22 (£1-6) in 1928. 

The total estimated value of building materials and road-metal 
produced in the year under consideration was Rs. 1,50,21,820 
„ . (£1,121,032). Certain returns supplied in cubic 

and road-metal have beon converted mto tons on the basis 

of certain assumed relations between volume 
and weight. Tho total production of 3,352,442 tons of limestone 
and kanjear includes the production of 24,358 tons of dolomite 
produced in the Gangpur state, Bihar and Orissa, mainly for use 
as flux in the iron and steel industry^ and 206 tons in the Jaiaalmer 
state, Rajputana, used for building purposes {see Table 36). 
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Table 36.— Production of Building Materials 



Gkanitb and 
Gneibs. 

Latiritk. 

Lihs. 

Linebtone and 
Kankak. 



1 

1 

1 

1 

1 

f 

i 

1 


Tons. 

Rs. 

Tons. 

bb. 

Tons. 

Es. 

Tons. 

Rb. 

Assam 

30,302 

41,158 

28,665 

51,681 

•• 


60,724 

87,071 

Bengal 

100,206 

73,796 



•• 

•• 


•• 

Bihar and Orissa 

251,544 

2,66,282 

3,821 

4,073 

•• 


(a)880,409 

18,41,128 

Bombay 

- 

- 

5,140 

4,820 

•• 


224,850 

1,00,188 

Burma 

631,273 

14,34,323 

254,123 

8,65,480 



230,760 

4,88,625 

Central India . 

•• 


- 


21,860 

2,23,138 

123,274 

60,450 

Central Provinces . 

30 

135 

2,738 

6,253 

•• 

•• 

447,802 

6,00,121 

Delhi 

•• 

•* 


- 

•• 

•• 

•• 

•• 

Gwalior 


•• 


- 

•• 


•• 

- 

Kashmir 

•• 

•• 

•• 

- 

•• 

•• 

•• 

•• 

Madras 

10,817 

6,760 

73>568 

81,281 

- 


18,375 

17,760 

Mysore 

•• 

- 

0,708 

6,055 

0,714 

1,56,571 

22,268 

86,480 

N.-W. F. Provlnoe . 

•• 

•• 

- 

- 

- 

•• 

1,061 

780 

Punjab 

•• 

- 

- 

•• 


- 

400,805 

5,25,086 

Bajputana 


•• 

•• 

- 

•• 

- 

(5)106,077 

8,03,704 

United ProTinces 







(c)718,f88 

5,80,041 

Total 

i,c8im 

18^2,4M 

871^68 

6J9,062 

31,674 

8,79,709 

11858,^48 

47,69,314 


(a) lacladm 24,858 tons of dolomite. 

5) Inehtdee 206 tons of dolomite. 

[e) Incladet 704,885 tom ot iankar ued for metolUiig roedi. 
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and Road-tndxd in India during 1929. 


Uaiibli. 

Sardbtoni. 

Slate. 

Tm?. 

Misoillaneoub. 













louu value 
(£1-B8. 18*4). 

1 

1 

1 

1 

1 

1 

1 

i 

> 

3 

Value. 



Tons. 

Kb. 

Tons. 

Ks. 

Ton». 

Ks. 

Tons. 

fis. 

Tons. 

Ks. 

Ks. 

£ 


•• 

12,886 

36,850 





251,154 

4,72,068 

6,88,784 

51,402 








•• 



73,796 

5,507 



30,020 

50,788 

48,000 

1,22,403 

32,005 

2,52,007 

104,006 

2,32,337 

27,76,108 

207,008 



8,000 

14,300 



624,341 

8,77,330 

1,147,462 

6,82,740 

17,77,878 

132,677 



800,564 

6,46,744 



- 


006,870 

10,04,207 

30,38,368 

203,010 



5,085 

60,004 



•• 


100 

30 

3,42,631 

25,570 



13,000 

15,810 

•• 

** 

•• 


60,587 

44,342 

6,75,661 

50,423 



•• 

•• 


•• 

- 


37,500 

43,750 

43,750 

3,265 



28,815 

49,708 





*• 


40,798 

3,716 




•• 





286 

04 

04 

7 

- 



•• 





167,303 

2,08,176 

3,18,917 

23,427 



•• 

•• 

•• 

•• 

•• 


160,150 

2,83,133 

4,82,180 

35,984 



•• 

•• 

•• 


•• 


» 

- 

780 

58 



•• 

•• 

5,565 

1,36,004 



308,005 

4,83,362 

11,46,292 

85,544 

5,800 

2,10,525 

174,111 

4,34,178 

180 

750 

•• 

- 

14,427 

24,165 

9,82,412 

73,314 


1 

40,808 

47,186 

327 

1,203 



624,614 

11.01,882 

17,30,348 

120,130 

5,100 

2,29,525 

M,CU 

15,50,604^ 

S4,IU 

2,61,550 

et8,tM 


3.7B1.608 

45,80,295 

i;i0.81.880j 

1,121,052 
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There was an increase in the recorded production of olajrs^ whiob 
rose from 185,676 tons valued at Rs. 4,24,180 (£31,666) in 1928 
to 363,828 tons valued at Rs. 5,44,624 (£40,636). 
The major portion of this increase is from the 
Central Provinces, Mysore and the Punjab. 

Table 37 .—Production of Clays in India during the yeofr 1929, 



Quantity. 


Value (£l->Ra. 13-4). 


Bengal • . 

Bihar and Orieea 


Central India . 
Central Proyinoee 


Gwalior . 
Madras . 
Mysore • 
Punjab • 
Raj pu tana 



341,828 


Corandiuiu 


The production of sulphate of iron in Ladakh, Kashmir State, 
fell from 3*3 cwts. valued at Ra. 6 (£0*4) in 
Copperas. ^^^8 to nil in 1929. 

The production of ocnnmdum in the Salem district, Madras, 
amounted to 34 tons valued at Rs. 4,080 (£304). There was no 
roadiuiu production reported from the Bhandara dis- 

triot of the Central Provinces. (Bee also under 
‘Ruby, Sapphire and Spinel’). 

The reported production of Fuller’s earth rose from 3,394 tons 
in 1928 to 24,874 tons in 1929. Hyderabad (Sind) was re* 
sponsible for a large increase, amounting to 
' 22,611 tons, from nothing, set off by a fall 

from 1,836 tans to nothing from Bikaner. 


Pttller*a Bartli. 
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Tabu 38, —Quantity and value of Fuller* 8 Earth produced in India 
during the years 1^8 and 1929. 



1 1928. 

1929. 


Quantity. 

Value (£1—Be. 18*4). 

Quantity. 

Value (£1- 

• Be. 13-4). 


Tom. 

E8. 

£ 

Tom. 

B8. 

£ 








Hydenlma (Stud) 

• • 

.. 

.. 

22,611 

7,066 

627 

CdtUral Provincei— 







Jabbulpore 

7C 

874 

28 

63 

309 

23 

Myof .... 

467 

660 

42 

696 

(a) 

.. 

Rajputana — 







BIlEAoer State . 

1,886 

11,020 

822 



.. 

Jelpnr State . • 


.. 

.. 

86 

600 

88 

JalsaliDef SUte . 

26 

861 

26 

20 

810 

23 

Jodhpur State . 

1,000 

12,609 

934 

1,400 

17,500 

1,806 

ToUl 

s.ae4 

24^JS 

JM2 

S4.874 

25,685 

ifiir 


(a) Not-AYtlUble. 


There was no production of garnet sand during the year, against 
480 tons valued at Rs. 1,200 (£90) in 1928, reported from the Tinne- 
velly district, Madras. 


Qamet 


There was an output of 39 tons of graphite valued at Rs. 1,163 
Qniphite ^ Ajmer-Merwara, Rajputana, 


There was a small fall in the output of gypsum from 59,050 
tons valued at Rs. 1,46,322 (£10,919) in 1928 to 52,726 tons valued 

Ornunu 1,17,702 (£8,784) in 1929. The effect 

of gypsum in small quantities upon crops—a 
common application is 2 maunds to the acre—is said to be remarkable 
and its uBefulness to the monsoon crops of southern Bihar has 
been expmmentally demonstrated.^ The Department of Agricul¬ 
ture, Bihar and Orissa, is importing annually increasing amounts of 
gypsum from Jamsar in Bikaner. The experimental work may. 


IIX Obitttoii. Eeviow of Agiiooltiml Opeiatloiis in India, 1924« 
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therefore, ultimately result in a demand from agricultural districts 
for gypsum. 


Table 39. —Quantity and value of Gypsum produced in India during 
the years 1928 and 1929. 



1928. 

1929. 


Qaantlty. 

Value (£1-IU. 18*4). 

Quantity. 

Value (£1 

»Bs. 18-4). 


Tons. 

E8. 

£ 

Tons. 

E8. 

£ 

BarodaState 

267 

1,681 

114 

.. 

.. 

.. 

Kashmir State 

82 

so 

0 

49 

60 

4 

Madras — 







Trlchlnopoly 

.. 


* • 

28 

248 

18 

Punjalh- 







Jhelam .... 

17,971 

I 

28,848 

2»168 

10,168 

28,864 

1,744 

Rajpatana-’- 







Bikaner State . • 

25,597 

74,878 

5,688 

21,846 

54,880 

4,068 

Jalialmer State • 

148 

869 

64 

146 

860 

64 

Jodhpur State . 


40,125 

2,994 

14,600 

88,800 

2,896 

Total 

69,C60 


10,919 

62*788 

1,17,709 

s,rsi 


The production of kyanite amounted to 3,618 tons valued at 
Rs. 24,077 (£1,797) of which 3,618 tons were produced from the 

. . Lapso Hill mines in Kharsawan State and 100 

ioTy materials. from Mr. hi. O. Murray s Ghagidih jnines 

in the Singhbhum district, Bihar and Orissa. 
The production of quartzite, including quartz-kyanite-schist amotmted 
to 27,627 tons valued at Rs. 72,446 (£6,406). There was no production 
of quartz-mioa-sohist. The total production of kyanite and 
quartzite amounted to 31,146 tons valued at Rs. 96,623 (£7,203) in 
1929 against 31,425 tons valued at Rs. 85,226 (£6,360) in 1928. 

There was a further increase in the production of ochre, which 
amounted to 7,362 tons valued at Rs. 54,877 (£4,095) in 1929 against 
6,153 tons valued at Rs. 52,975 (£3,953) in 
1928. This increase is chiefly due to an in¬ 
creased total output of 3,634 tons from the Panna state in Central 
India, 
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Table 40 . — Quantity and value of Ochre •produced in India during 
the years 1928 and 1929, 


— 

1028. 

1029. 

Quantity. 

Value (£1-B8. 13-4). 

Quantity. 

Value (£1-E8. 13-4). 


Tons. 

Bb. 

£ 

Tons. 

RS. 

£ 

GentnU India 

8,409 

26,878 

2,006 

4,054 

85,798 

2,671 

Contra] Provincee . 

847 

7,915 

591 

1,185 

6,745 

503 

Qwallor .... 

817 

10,252 

765 

521 

6,125 

457 

Kadns .... 

825 

4,500 

336 

325 

4,500 

836 

BaJpuUna .... 

317 

688 

51 

377 

1,714 

128 

United ProTinces . 

348 

2,742 

204 



•• 

Totil 

6,163 

52,975 

3,953 

7,362 

54,877 

4,095 


There was an output of 294 tons of pyrite in Patiala State, 
Punjab, in 1929, obtained in the course of prospecting operations. 
The value has not been reported. 

The figures of production of serpentine in the Skardu tahsil, 
Kashmir State, amounting to 1-8 tons valued at Rs. 75 (£6) reported 

- for 1929, are identical with those for 1928. 

ocrpentific. 

A production of 14*7 tons of soda valued at Rs. 533 (£40) was 
reported from the Ladakh tahsil, Kashmir State. The output for 
the previous year was 11 tons valued at Rs. 533 
(£40). Salt, consisting for the greater part of 
sodium carbonate, sodium bicarbonate and sodium chloride, used to 
be obtained by evaporation from the waters of the Lonar lake, 
in the Buldana district of Berar, in the Central Provinces. It was 
known under the general name of trona or urao, lor which there is 
no suitable equivalent in English, The total amount of trona 
extracted in 1926 was 100 tons, the value of which was estimated at 
3,000 (£224); there was no subsequent production, as the company 
working the concession has gone into liquidation. There was n 
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production of 2*2 tone of crude soda {rasi) valued at Bs. 60 (£4) in 
Datia State, Central India, in the year under review. 

There was an increase in the production of steatite, which rose 
from 6,639 tons valued at Rs. 1,30,070 (£9,706) in 1928 to 7,217 tons 
Steatite valued at Rs, 2,76,483 (£20,633) in 1929. The 

major portion of this large increase in value 
is due to the largely enhanced value of the output of Jaipur State, 
Rajputana. 


Table 41.— Quantity and value of Steatite produced in India during 
the years 1928 and 1929. 



1928. 

1020. 


Quantity. 

Value (il-Be. 18-4). 

Quantity. 

Value (£1 

-Be. 18*4). 


Tons. 

Bfl. 

£ 

Tons. 

B8. 

£ 

Bihof und Orista — 







HftTurbhaD] 

80 

7,300 

646 

72 

7,000 

622 

Sezmikels . . . • 

16 

840 

63 

18 

720 

54 

Blngbbbutn 

846 

7,706 

575 

840 

11,401 

858 

O0ntr§a IndUh-^ 







Bljawar State . • 

162 

6,600 

408 

110 

4,600 

836 

Central Province *— 







Jubbolpore 

1,284 

28,281 

1,787 

1,641 

24,606 

1,820 








Kellore .... 

40 

2,381 

174 

17 

176 

^ 13 

Salem 

164 

6,940 

618 

268 

6,006 

448 

Mtftor* 

88 

264 

20 

60 

800 

22 

RMjpmtana — 







Jaipur State 

8,228 

66,840 

4,912 

4,400 

2,06,000 

16,878 

VnMProvinm^ 

1 

1 






Bbunirpiir • 

110 

8,629 

644 

412 

16,785 

1,178 

Jbaotl * . 

4 

680 

£6 

•• 

•• 

•• 

Total 

M19 

1,30,070 

9,706 

7317 

9,76,433 

20,633 











Past 8.] Fesuob : Mineral Prodiuiion, 1929. 329 

IV.—MINERAL CONCB^IONS QRANTED. 

Table 42 .—Statement o/ Mineral Concessions granted during the year 1929. 
AJMER-MERWAEA. 


District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
common oe« 
raent. 

Teem. 

Ajmer 

(1) S. DhlraJ Lai 
Ponhetam, Naslra* 
bad. 

Mica . 

P. L. 

(Renewal) 

304 

4th January 
1920. 

Up to Slst 
March 
1920. 

Do. 

(2) Do. 

Do. . 

P.L. 

0-40 

Da 

Do. 

Do. 

(3) L. Prag Narain 

Graphite . 

P. L. 

20-00 

lethPebruaiy 

1929. 

lyear. 

Do. 

(4) Messrs. Abdul 

Qhani <2 Co. 

Mica . 

P.L. 

2-90 

18ih March 
1929. 

Do* 

Do. 

(5) Mr.Nassaz^anJiD. 
Contractor. 

Mica, beryl and 
acquamarine. 

P.L. 

(Renewal). 

2-00 

22nd March 
1929. 

Do. 

Do. 

(6) L. (ioverdhao Lai 
Ratbi. 

Mloa . 

P.L. 

0-78 

20th April 
1929. 

Do. 

Do. 

(7) Messrs. Radba 

Rlshan Kanablya 
Lai. 

Do. . 

P. L. 

7-70 

81st May 

1929. 

Da 

Do, 

(8) Do. 

Do. . 

P.L. 

M2 

Do. 

Do. 

Do. 

(9) Do. 

Do. . 

P.L. 

0-72 

26th June 
1029. 

Do, 

Do. 

(101 Metara. Abdul 

Qhani &, Co. 

Do. . 

P.L. 

6-70 

18th Jnly 
1929. 

Do 

Do. 

(11) Do. 

Do. . 

P.L. 

1-80 

2nd October 
1929. 

Do. 

Do. 

(1^ Mr. Kassartranjl 
D. Contractor. 

Da . 

P.L. 

4-00 

7th Novem¬ 
ber 1929. 

Do. 

Do. 

(IS) P. Klaben Lai 
Contractor. 

Do. . 

P. L. 

(Renewal). 

3-88 

2Dd Decem¬ 
ber lOM. 

Do 

Beftwar 

(14) L. Prag Karain . 

Do. . 

P.L. 

8-20 

lOth April 
1929. 

Do. 

Do. 

(16) Do. 

Da . 

P.L 

1-04 

28tb Mareh 
1929. 

Do. 

Do. 

U8) Mr. Kilahna Mool 
Cband Kaixxv. 

Do. . 

P.L. 

(Renewal). 

660 

17th August 
1929. 

Do. 

Do. 

(17) Do. 

Da . 

P.L. 

164 

Do. 

Do. 

Do. 

(18) Mr. Mohamed 

FaaU. 

Do. . 

M.L. 

8-8 

8rd August 
1929 

10 years. 


F. L. « LkenM. K. L. - Mining le4»e. 
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Dlltllot. 

Grantee. 

Kinera). 

Nature 

of 

grant. 

Area In aoree. 

Date of 
oonunenee* 
ment. 

Term. 

Oaohar 


Natural petroleum. 

P.L. 

2,060*8 

Ut June 1029 

2 years. 

Do.. 

(20) 

Do. 

• 

Mineral oil . 

P. L. 

(Renewal). 

1.088-0 

8rd Decem¬ 
ber 1080. 

1 year. 

Khad and 
JalQtl ■ 
Hift. 


SilUinanlte . 

P.L. 

.640-0 

61b January 
1029. 

Do. 

Do. . 

(22) 

Do. 


Do. 

P.L. 

640-0 

Do. 

Do. 

Lakbtnpur . 

(2^3«am Oil 

Co., 

Mineral oil . 

P. L. 

5,120 0 

SOtb Marefa 
1920. 

Do. 

Do. 

(24) 

Do. 


Do. 

P.L. 

8,008-0 

12tb May 

1020. 

Do. 

Do. 

(2fi) 

Do. 


Do. 

P. L. 

9,702-0 

8tb October 
1029. 

Do. 

Do. . 

(20) 

Do. 


Goal . 

P.L. 

8,616-0 

Do. 

Do. 

Do. . 

(27) 

Do. 


Mineral oU . 

P.L. 

1,702-0 

26tb July 

1020. 

Do. 

Do. . 

(M) 

Do. 


Do. 

P.L. 

666-6 

2nd May 1020 

2 year*. 

Do. . 

(20) 



Do. 

P.L. 

1,4012 

7th April 

1028. 

Do. 

Do. . 

(80) 

Do. 


Do. 

P. L. 

720-0 

20tb April 

1028. 

Do. 

Do. , 

(81) 

Do. 


Do. 

P.L. 

1,280-0 

7tb AprU 

1028. 

Do. 

tfanipur 

(82) G. 0. Mantokbani 

Copper 

P.L. 

1,140-0 

28nd August 
1020. 

1 year. 

iadlya Fron¬ 
tier Tract. 

(88) Asutm OU 
Ltd. 

Oo., 

Oil . . . 

P.L. 


19th Decem¬ 
ber 1029. 

2 yean. 

Mbaagar 

(84) The Bormah 
()o,, Ltd. 

Oil 

Mineral oil. 

P.L. 

3,488-0 

26th April 
1920. 

1 year. 

Do. 

(86) 

Do. 


Do. 

P.L. 

6,666-0 

10th Septem¬ 
ber 1020. 

Do. 

lylbet 

(80) 

Do. 

. 

Do. 

P.L. 

8,186-0 

SrdMay 1929 

Do. 

Do. 

(87) 

Do. 

• 

Do. . 

P.L. 

8,161-6 

8rd Septem¬ 
ber 1029. 

Do. 

Do. 

( 18 ) 

Do. 


Do. 

P.L. 

0,306*6 

1st October 
1020. 

Do. 


BALUCHISTAN. 


BIM . 

(M) K. B. B, D. Patel 

Goal and ooal ILL. 


80 

lit January 80 yean. 



dttfi 



1010. 


P. L. « HotpMttnf Umu, K. L, M MMiif 
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BENGAL. 


IMfltrlct. 

Orutee. 

Min^. 



Date of 
oommeDoe- 
meot. 

1 

Term. 

ChltUgODg . 

(40) Tb« Burraab OU 
Co., Ltd. 

Natunl petroleum 

P. L. 

(Eenewal). 

4,000 

Otb Uarob 
lOSO. 

1 jear. 


BIHAR AND ORISSA. 


Angul 

■ 

(41) Ra))u Dibakor 

Painalk. 

Red 0 '‘hre . 

P. L. 

040-00 

1st January 
1929. 

1 year. 

Santa) Par- 
ganas. 

(42) Babo Ramcnwar 
Marvrari Darjl. 

Coal . 

M. L. 

5-00 

Ist April 1929 

Do. 

Do. * 


(48) Babu Biuode 

Behari De. 

Do. . 

M. L. 

2-15 

Do. 

2 years. 

Do. 


(44) Do. 

Do. . 

M. L. 

1-90 

Do. 

Do. 

Do. 


(46) Babu Banal Ram 
Marwari. 

Do. . 

M. L. 

l-lK) 

Do. 

Do. 

Do. 


(46) Do. 

Do. . 

M. L. 

5-00 

Do. 

Do. 

Do. 


(47) Do. 

Do, . 

M. L. 

0-83 

Do. 

Do. 

Do. 


(48) Do. 

IH), . 

M, L. 

5-04 

Do. 

Do. 

Do. 


(49) Babu Kamrokli 
Das Himaf Sineka. 

Do. . 

M, J.. 

6‘(H) 

Do. 

Do. 

Slnghbhum 


(60) Babu Dwarka Dus 
Agarwaia. 

Iron-ore and 

iiuimtaneMC. 

P. J.. 

619-05 

2nd 1 ehruary 
1929. 

1 >-ear. 

Do. 


(6)) Babu Narendra 
Nath Kumar. 

Clironilte . 

M. L. 

590-30 

Leaae not yet 
executed. 

10 years. 

Do. 

Do, 


(62) Babu Mangl La) 
Marwari. 

(53) Meaars. Vlsanjl 
Dmar<l «V <'o. 

Do. 

Iron-ore an<l 

mantra iiC'K' 

M. L. 

P. L. 

216-00 

665-60 

Do. 

24tb June 

1929. 

Do. 

1 year. 

Do. 


(64) Babu Indra Sinub 

Do. 

P. L. 

1,932-80 

Srd July 1929 

Do. 

Do. 


(66) Babu DlianJI 

Kumarjl. 

Chromite 

P. L. 

640-00 

26th Jtine 
1929. 

Do. 

Do. 


(50) Babu Hangl Lai 
Marwari. 

Mamrano'^e . 

P. L. . 1 

228-40 

24th June 

1929. 

Do. 

Do. 


(67) Babu Hlra U1 
Marwari. 

ManganeHc and 
Iron-ore. 

P. L. 

1,612-80 

20th Decem¬ 
ber 1928. 

Do. 

Do. 


(58) Babu Dhanjl 

Kiimarji. 

Dn. 

P. L. 

537-6(» 

26th June 

1929. 

Do. 

Do. 


(5^ MemrH. Vlmnjl 
Umarsl A Co. 

Kanirane^e . 

M. L, 

4000 

16tl» June 

1929. 

npto26tli 

January 

1088. 

Do. 


(00) Do. 

Iron-ore 

M. 1., 

27-25 

5th Septem¬ 
ber 1929. 

Upto20ih 

Angns t 
1987. 

Do. 


(01) Babu Dwarkadan 
Agarwalla. 

Uanganfee . . . 

M. L. 

203-76 

Do. 

10 years. 


P. l. • Pn$ptMin Umut. M. L. - MMnt Ltau. 

a 2 
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BIHAR AND ORISSA-confei. 


Biiliiat. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acrea. 

Date of 
commence¬ 
ment. 

Term. 

fttoghbhum . 

(02) Baba Dwarkadas 
igurwala. 

Manganese and 
Iron-ore. 

M. L. 

96000 

6th September 
1029. 

20 years. 

Do. . 

(63) Babu Narcndra 
Nath Kumar. 

Chromite . 

P. L. 

l,528-82 

6th Novem¬ 
ber 1929. 

1 year. 

Do. . 

(64) Babu Cham Chan¬ 
dra Xittra. 

Manganese 

P.L. 

309*80 

Do. 

Do. 

Do. . 

(66) Xesiurs. Tata Don 
dt Steel Co., Ltd. 

Chromite . 

M.L. 

270*90 

Lease not yet 
executed. 

30 years. 

Do. 

(66) Babu Hiia lal 
ICarwari. 

Don-ore and man¬ 
ganese. 

M. L. 

126*71 

4th Septem¬ 
ber 1W9. 

10 years. 

Do. . 

(67) Messra. Tata Don 
& Steel Co., Ltd. 

Don-ore 

M. L. 

1 237*23 

Lease not yet 
executed. 

Cp to 3lHt 
Decem¬ 
ber 1961. 

I>0. . 

(68) Do. 

Do. 

P.L. 

1,491*20 

Licence not 
yet execu¬ 
ted. 

1 year. 

Do. . 

(69) Babu Arjun Ladha 

Don-ore and man¬ 
ganese. 

M. L. 

444*60 

7th Decem¬ 
ber 1929. 

10 years. 

Do. . 

(7(D Babu ICangi Lai 
Bungta. 

Do. 

M.L. 

819*76 

Not staled . 

Do. 

Do. . 

(71) Mr. 8. 8. Guzdar. 

All minerals ex¬ 
cept iron-ore 
and mica. 

P.L. 

548*00 

Llccme not 
yet execu¬ 
ted. 

1 

1 year. 


BOMBAY. 


Belgaum • 

(72) Mr. A, N. Peston 
J^amis. 

Bauxite . , ! 

P.L. 

60-0 

6th N ovem- 
ber 1929. 

4 month 
and 25 
days. 

Eanara 

(78) The Kanara Min¬ 
ing Syndicate, Bom¬ 
bay. 

Manganese , 

P.L. 

1,708*4 

19th June 

1929. 

1 year. 

Do. 

(74) Mr. E. H. Rushton 

Do. . 

P. L. 

64ro 

8th March 
1929. 

Do. 

Batnaglri . 

(76) Messrs. Oakley 
Duncan <fc Co., Ltd., 

Bangaicce. 

Cliromlte . 

P.L. 

1,280*0 

30th Januar.r 
1929. 

Do. 



BURMA. 




Akyab . 

(7^ Messrs. Indo- 

Burma Petroleum 
Co., Ltd. 

Natural petroleum 
(indading na¬ 
tural gas). 

P.L. 

(Renewal). ^ 

1,177*6 

nth March 
1029. 

1 year. 

Do. 

(77) Measrs. Burmnh 
OU Co., Ltd. 

Do. 

P.L. 

(Renewal) 

5,066*0 

9^h May 1929 

Do. 

Do 

1 (78) Do. . j 

[ Do. 

P. L. 

(Renewal). 

4,862*0 

Do. 

Do. 


I*, ti. « Pm p a c U H$ XiMiM. 


X. L. » Mininft hm$. 
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Dlfltrlot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acrea. 

Date of 
oommenoe* 
ment. 

Term. 

Akyab 

Do. 

(79) BleKTi. Bunnah 
Oil Co., Ltd. 

(80) Do. 

Natural petroleum 
(Inelodlng natur- 
alw). 

Do. 

P. L. 

(Kcncwal), 

P. L. 

(Renewal). 

4,480-0 

1.280-0 

28th July 

1920. 

2nd Novem¬ 
ber 1028. 

1 year. 

Do. 

Do. 

(81) Me.sHr8. Indo- 

IJurraa Petroleum 
Co., Ltd. 

Do. 


P. L. 

(Renewal). 

6,440-0 

16th Febru¬ 
ary 1928. 

Do. 

Do. 

(82) Mchstw. Burniah 
OU Co., Ltd. 

Do. 


P. L. 

(Renewal). 

033-6 

30th July 

1929. 

Do. 

AinherKt 

(8:1) Mr. V. PalmRTcn. 

All mineraD 
eept oil. 

cx* 

P. L. 

1,120-08 

8th October 
1929. 

Do. 

Du. 

(8t) Mr. A. C. Jccwa . 

Do. 


P. L. 

l,t64-4 

5th March 
1929. 

Do. 

Do. 

(85) Maung Ba Jlwn . 

Do. 


L. 

640-0 

7th March 
1929. 

Do. 

Do. 

(86) MiNsrs. The 

Burma Mining Cof' 
poratton, Ltd. 

Do. 

• 

!•. L. . 

1,620-6 

7th August 
1929. 

Do. 

Do. 

(87) ^Ir. J. A. AnguH. 

Do. 

• 

P. L. 

2,660-0 

13th Novem¬ 
ber 1029. 

Do. 

(.-owor Clilud- 
win. 

(88) ludo- 

Burma I’otroloiim 
Co,, Ltd. 

Natural }M*trult‘um 
(including iia* 
tural gu.x). 

V. L. 

(Rcnewah. 

5,760-0 

5tli July 1928 

Do. 

Do. , 

(89) Do. 

Do. 


P. L. 

(Renewal). 

5,798-4 

24th Septem¬ 
ber 1928. 

Do. 

Do. 

(00) Do. 

Do. 


P. L. 

(Rl•ne^>al). 

1,000-0 

22nd Septem¬ 
ber 1028. 

Do. 

Do. 

(91) Do. 

Do. 


P. L. 

(RenowaD 

19,200-0 

80fh July 

1929. 

Do. 

Do. 

(02) Do. 

Du. 


P. L. 

(Renewal). 

6,760-0 

6th July 1929 1 

Do. 

Do. , 

(93) Do. 

1><). 


P. L, 

(Renewal). 

6,798-4 

2itb Septem- 
l)er 1929. 

Do. 

Do. , 

(94) Meaers. Bunuali 
Oil Co., Ltd. 

Do. 


P. L. 

(Renewal). 

2,660-0 

12tb Novem- 
l»er 1028. 

Do. 

Do. , 

(95) Do. 

Do. 


P. L. 

(Renewal). 

320-0 

6th Augu-'t 
1929. 

Do. 

Do. , 

(96) Mr. Lawrence 

Dawaon. 

Do. 


P. L. 

(Renewal). 

1,196-8 

6tb Februarv 
1929. 

Du. 

MaRWc 

(07) MessTH. Brltlsli 
Burma Petroleum 
Oo., Ltd. 

Do. 


P. L. 

5,440-0 

1st April 1929 

2 years. 

Do. 

(98) Mr. A. Bahman . 

Do. 


P. L. 

1,280-0 

22nd July 
1929. 

1 year. 

Do. 

\ 

(99) HoMre.BurmahOll 
Co., Ltd. 

Do. 


P . 

640 0 

2nd Septem¬ 
ber 1929. 

Du. 


e.U- ProtttdhtUmtt. M. 1. - Ifiirfw? irtur. 
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Dfatrlot. 

Gnmtee. 

Mineral. 

Nature 

of 

grant. 

Area in aoree. 

Date of 
oommence- 
ment. 

Term. 

MAgm 

( 100 ) Mmui. BomiAh 
Oil Oo., Ltd. 

natural petrtdeum 
(Inoluding natural 
KU). 

Do. 

P. L. 

820-0 

8th Decem¬ 
ber 1029. 

lyear. 

Do. 

(101) U. Thu Daw . 

P. L. 

1,600-0 

16th October 
1920. 

Do. 

Helktila . 

(102) Mr. J. W. lUyan 

AH minerals other 
than natural 
petroleum. 

P. L. 

1,8] 8-4 

4th April 

1020. 

Do. 

Do. 

(103) Do. 

All minerals ex¬ 
cept precious 
stone. 

P. L. 

868-4 

Ist April 

1029. 

Do. 

Do. 

(104) Do. 

All minerals other 
than mineral 
oU. 

P. L. 

478-6 

4th June 

1020. 

Do. 

Hergnl 

Do. 

(106) Ma Eyin Mya 
and Ma Lin. 

(106) Momti. Tavoy 
Tin Dredging Cor¬ 
poration, Ltd. 

Tin and allied 
minerals except 
mineral oil. 

Do. 

P.L. 

P.L. 

601-6 

102-0 

27th March 
1020. 

7th January 
1020. 

Do. 

Do. 

Do. 

(107) Mi. Eu Gwan 
Kytn. 

Tin-ore 

P. L. 

211-2 

6th August 
1020. 

Do. 

Do. 

(108) Meem. Burma 
AUnvUli Syndicate, 
Ltd. 

Do. 

P.L. 

170-2 

2l8t January 
1020. 

Do. 

Do. 

(100) Hr. B. B. MUne. 

Do. 

P.L. 

26-6 

81st January 
1020. 

j Do. 

Do. 

(110) Mr. A. J. Beale. 

Do. 

P.L. 

2,048-0 

22nd June 
1020. 

j Do. 

Do. 

(Ill) Mr. J. I. Milne . 

Do. . 

P.L. 

1,126-4 

14Ui June 
1029. 

1 Do. 

Do. 

(112) Do. 

Do. 

P.L. 

480-0 

25th March 
lOSO. 

Do. 

Do. 

(118) Meaen. Burma 
AlluTials Syndicate, 
Ltd. 

Do. 

P.L, 

416-0 

6ib May 1020 

Do. 

Do. 

(lU) Mr. H. N. Wll. 
Uns. 

Tin and allied 
minerals except ^ 
mineral oil. 

P.L. 

108-4 

2nd February 
1020. 

Do. 

Do. 

(116) U. Shwe Yun . 

Tin . . . 

P.L. 

160-0 

Ird January 
1020. 

Do. 

Do. 

(116) S. H. Harman . 

Tin-stone and 
allied minerals. 

P.L. 

480-0 

20th August 
1020. 

Do. 

Do. 

(117) Do. 

Do, 

P.L. 

102-0 

80th January 
lOSO. 

Do. 

• 

(118) Do. 

Do. 

P.L. 

441-6 

Do. 

Do. 

Do. 

( 110 ) Mr.Md.Bai)Ur. 

Tin-ore and other 
allied metab. 

P.L. 

400-2 

loth January 
1020. 

Do. 

Do. 

(100) Mr. B. B. Milne. 

Tin-ore 

P.L. 

168-6 

tstbfebmary 

1020. 

Do. 


L. •• JVw y iflWi y Umm. 
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Dbtriet. 

Grantoe. 

MtneraL 

Nature 

of 

grant. 

Area In acres. 

Date Of 
oommeoee- i 
ment. 

Term. 

Mergui 

(121) Hr. Edward < 

Healey. • 

Tin and gold 

P.L. 

2,647-2 

r 

16th April 
1929. 1 

1 year. 

Do. 

(122) Mr. Tan Sine | 
Bbin. 1 

All minerals ex¬ 
cept oil. 

P.L. 

83-2 

14ib March ! 
1929. 

Do. 

Do. 

(128) Mr. A. S. Maho- ! 
med. 

; Un-ore and other 
allied metab. 

P. L. 


Do. . i 

Do. 

Do. 

(124) Mr. E. B. Milne. 

1 Tin . 

P.L. 

1920 

Slit May I 

1929. { 

Do. 

Do. 

1 (126) Mr. Tan Boon 
Hein. 

1 • • • 

P.L. 

1280 

0th Decern- 
berl929. 1 

Do. 

Do. _ . 1 

(126) Do. 

1 Do. . 

P.L. 

460-8 

9th July 1929 

Do. 

Do. 

(127) Meaars.Wightman All minerals other 
A Go. (of Bangoon), 1 than petrolenm j 
Ltd. and predous | 

stones. 

P.L. . 

884-0 

14ih June 

1929. 

Do. 

Do. 

(128) Mr. Tan Sine 
Shin. 

Tin and allied 
minerals. 

P. L. 

400-8 

26th June 
1929. 

1 Do. 

Do. 

(129) Messrs. Malayan 
and General Trust, 
Ltd. 

Do. 

P. L. 


24th Angusi 
1929. 

Do. 

Do, 

(180) Dr. John Mor¬ 
row Campbell. 

All minerals ex¬ 
cept dl. 

P.L. 

2,060-8 

18th May Do. 

1920. 

Do. 

(181) Messrs. Austral 
Malay Tin, Ltd. 

Tin and allied 
mlnerab. 

P.L. 

1,164-8 

80th Decem¬ 
ber 1P29. 

Do. 

I 

Do. 

(182) Messrs. Burma 
AUuvlals Syndicate, 
Ltd. 

Tin-ore and other 
metalliferous mi¬ 
nerals. 

P.L. 

184-4 

24tb July 

192<J. 

Do. 

1 

1 

Do. 

(188) Dr. Ban Moe . 

Tin and allied 
minerals. 

P.L. 

217-6 

Bth July 1920 

Do. 

Do. 

(184) Dr. John Mor¬ 
row Campbell. 

All minerals ex¬ 
cept oil. 

P.L. 

76-8 

17th May 

1929. 

Do. 

Do. 

(136) Mr. K. Ahmed . 

Tin-ore and other 
allied minerala. 

P.L. 

884-0 

12th Septem¬ 
ber 1029. 

1 Do. 

Do. 

(180) Mr. B. B. Jubb. 

' Tin-ore 

P. L. 

266-0 

6th Auguat 
1929. 

Do. 

Do. 

(187) Mr.TanElkKnn 

Do, , . 

P. L. 

467-2 

26th June Do. 

1929. 

Do. 

Do. 

(188) Mr. M. £. Max¬ 
well Lefroy. 

(189) Do. 

All minerals ex¬ 
cept oil and pre- 
1 dous atones. 

' Do. 

P.L. 

P. L. 

408-2 

102-4 

6th October I Do. 
1029. 

26th October 1 Do. 
1929. 

Do. 

(140) Maung San Dun 

Tin . . . 

1 

P.L. 

128-0 

24th July 

1929. 

1 Do. 

Do. 

(141) Mr. B. B. Jnbb. 

1 Do, . 

P.L. 

862-0 

6th Augnat 
1929. 

, Do. 

Do. 

(14f) Mr. 8. H. Har¬ 
man. 

1 AO minerals ex- 
oe^ oil. 

P. L. 

364-8 

26th October 
1929. 

Do. 


P. L Protf^M Liemm, 











8S6 


Secar^ of ik$ Gtchgioeil 8mey (f Iiitiia. [Yol. LXIli. 


BURMA—oonfaJ. 


DMriet. 

GRNUitee. 

Mineral, 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence¬ 
ment. 

Term. 

Mergii 

(148) Mr. A. C. Martin 

Tin ukd 
minerals. 

alUed 

P.L. 

684<8 

16th Novem¬ 
ber 1929. 

1 year. 

Do. 

(144) Mr. Ehoo Tun 
Byan. 

Casslterite, wol¬ 
fram and allied 
minerals. 

P.L. 

866-8 

80th Septem¬ 
ber 1929. 

Do. 

Do. 

(146) Mr. Eng Tain 
Leong. 

Tin-ore 


P.L. 

687-6 

26th October 
1929. 

Do. 

Do. 

(14«) Mr. E. L. Watte 

Do. 


P.L. 

862 0 

9th Novem¬ 
ber 1929. 

Do. 

Do. 

(147) Mr. Maong Kyin 
Bn. 

Do. 


P.L. 

826-4 

30th Septen)- 
ber 1929. 

Do. 

Do. 

(148) Mr.W.C.Tonu. 

Do. 

• 

P.L. 

228*0 

0th December 
1929. 

Do. 

Do. 

(149) Mr. Kwee Ya . 

Do. 

• 

P.L. 

435*2 

21st Decem¬ 
ber 1929. 

Do. 

Do. 

(160) Mr. Ehoo Tun 
Bynn. 

Tin and 
minerals. 

allied 

P.L. 

846-6 

16th Novem¬ 
ber 1029. 

Do. 

Do. 

(Ill) Mr. C. Ah Yaw . 

Tin, wolfram and 
other allied 

metals. 

r. L. 

464-4 

80th Decem¬ 
ber 1929. 

Do. 

Do. 

(162) Mr. B. C. P. 
Campbell. 

Do. 


P. L. 

1,824-0 

2l8t Decem¬ 
ber 1929. 

Do. 

Do. 

Do. 

(168) Hr. Llm Shaln . 

(154) Measn. The Con- 
eolldated Tin Mines 
of Burma, Ltd. 

Tin and wolfram. 

Casslterite . 

M.L. 

M.L. 

890-4 

867-6 

22nd May 
1029. 

1st April 1929 

80 yean. 

Do. 

Do. 

(156) Mr. £. Ahmed . 

All minerals ex¬ 
cept natural 
petroleum and 
natural gas. 

M.L. 

832-0 

1st March 

1020. 

Up to the 
7th Aug¬ 
ust 1046. 

Do. 

(166) Hr. A. H. Eoyes 

Tin and 
minerals. 

aUled 

M.L. 

871-2 

lit May 1029 

16 years. 

Do. 

(167) Do. 

Do. 

, 

M.L. 

88-2 

Do. 

Do. 

Do. 

(168) Do. 

Do. 

. 

M.L. 

204-8 

Do. 

Do. 

Do. 

(16^ Dr. Henry £. 
WeUs. 

Do. 

• 

M.L. 

294-4 

16th May 
1929. 

80 years. 

Do. 

(160) Do. 

Do. 

. 

M.L. 

606-6 

1st May 1929 

Do. 

Do. 

(161) Hr. Ha Tin 

Do. 

• 

M.L. 

644-0 

16th June 
1920. 

Do. 

Do. 

(162) Hr. 1.1. HUne . 

Tin-ore 

. 

M.L. 

460-8 

1st May 1029 

Do. 

Do. 

(168) Mr. AhEbooli . 

Tin and allied 
minerals. 

M.L. 

192-0 

Ist April 1920 

Do, 

Do. 

(166) Hr. Joo Seng . 

Do. 

• 

M.L. 

742-4 

16ih June 
1920. 

Do. 

Do. 

(166) Hr. A. Asia 

Do. 


M.L. 

184-4 

1st March 
1929. 

Do, 


T.L. mFTMpteiUfUmt*. K.I.-iTMivIcoM. 
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District. 

Mergul 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

1 ) 0 . 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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tinuitcc. 

Mineral. 

Q[ 


Date ol 
commence¬ 
ment. 

Term. 

(106) Mauog Po 

Tin-ore 

M. L. 

260-O 

16th 3Ia> 

1929. 

no yeafg. 

(167) Mr. M. A. Koor- 
diu. 

Tin and allied 
minerals. 

M. L. 

640-0 

15U» Septem¬ 
ber 1029. 

Do. 

(108) Mr.G. 11. Hand. 

Do. 

M. L. 

108-4 

1st June 

1029. 

Do. 

(100) Mr. F. L. Watts. 

Tin-ore 

M.L. 

230-4 

161 h Febru¬ 
ary 1020. 

Do. 

(170) Mr.G.Il.Hand. 

Tin and allied 
inlneraD. 

M. L. 

140-8 

Ist June 

1929. 

Do. 

(171) Major J. W. 
Newbcry. 

Do. 

M. L. 

102-4 

16th May 

1920. 

20 years. 

(172) Mr. Yoo ttaln 
Goan. 

Tin and allied 
niincrab ex¬ 
cept mineral 
oil. 

M. L. 

32 0 

Ist May 1929 

30 years. 

(178) Mr. Leong Poke 

Tin and allied 
minerals. 

M. L. 

1,196-8 

l8t May 1029 

Do, 

(174) Mr. Ah Shoo . 

Do. 

M. L. 

102-4 

Ist June 1929 

Do, 

(175) Mr. G. n. Hand 

Do. 

M. L. 

44-8 

lotlt August 
1920. 

Do. 

(176) Maung Kin Bu . 

Do. 

M. L. 

51-2 

I5tl) August 
1920. : 

16 yean. 

(177) Mossis. Austral 
Malay Tin, Ltd. 

Tin oxide . 

M. L. 

19-2 

0th March 
1929. 

22 yean. 

(17K) Mr. B. B. Juhh 

Tin and allied 
luinerab. | 

M. L. 

57-C 

16th Decem¬ 
ber 1929. 

16 years. 

(179) Mr. S. Warwick 
biidth. ^ 

All minerals uthor 
tlian mineral 
oil. 

P. L. 

(Kenewal). 

89-0 

7tli January 
1929. 

1 year. 

(180) Ma Tin . 

Tin and allied 
mioerals ex¬ 

cept mineral 
oil. 

1'. L. 

(Renewal). 

052-8 

3rd February 
1929. 

Do. 

(181) Mr. Tan Boon 
Hein. 

Do. 

P. L, 

(Renewal). 

140-6 

21st April 
1920. 

Do. 

(182) Mr. AhSheo . 

Tin-ore 

P. L. 

(Renewal). 

128-0 

17th March 
1920. 

Do. 

(183) Mr.TanKikKun 

Do. 

P. L. 

(Renewal). 

382-8 

27th .Imic 
1920. 

Do. 

(184) Do. 

Do. 

P. L. 

(Renewal). 

202-4 1 

Do, 

Dp. 

(186) Mr. Tan binr 
8hln. 

Tin and allied 
minerals ex¬ 
cept ndneral 
oil. 

P. L. 

(Renewal). 

217-6 

8th Jane 

1920. 

l>0. 

(186) Maong Po 

Do. 

P. L. 

(Renewal). 

326-4 

18th April 
1029, 

Do. 


P. L. K. L. •» Xmm. 
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Dlstriot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
oommen ce¬ 
ment. 

Tenn. 

Mergul 

(187) Maung San Dan 

Tin . 

P. L. 

(Renewal). 

8904 

21st August 
1929. 

1 year. 

Do. 

Do, 

(188) Mr. A. 3. Maho¬ 
med. 

(189) Messrs. Holmes 
and Morgan. 

Tin-ore and other 
allied metals 
except mineral 
oil. 

Do. 

P.L. 

(Renewal). 

P.L. 

(Renewal). 

300-8 

211-2 

1st August 
1929. 

27th August 
1929. 

Do. 

Do. 

Do. 

(190) Mr. LesUe R. 
fi^le. 

Do. 

P.L. 

(Renewal). 

473-0 

8th Septem¬ 
ber 1929. 

Do. 

Do. 

(101) Mr. Ah Shoe . 

Tin-ore 

P.L. 

(Renewal). 

288-0 

18th October 
1929. 

Do. 

Hlnbu 

(192) Mr. Lee 8a Baw 

Coal . 

P.L. 

2,6600 

7th May 1929 

Do. 

Mylngyan . 

(108) Messrs. The Ten- 
angyanng Oilfield 
Southern Extension, 
Ltd. 

Mineral oil . 

P.L. 

(Reuewi I). 

1,280*0 

27th Septem¬ 
ber 1929. 

Do. 

Myitkylna . 

(194) Messrs. The 

Tavoy Prospectors, 
Ltd. 

All minerals ex¬ 
cept oU. 

P.L. 

1,600-0 

17th Septem¬ 
ber 1929. 

Do. 

Do. 

(196) Do. 

Do. 

P.L. 

2,240’0 

Do. 

Do. 

Do. 

(196) Do. 

Do. 

P.L. 

1,600-0 

Do. 

Do. 

Do. 

(197) Do. 

Do. 

P.L. 

1,280-0 

Do. 

Do. 

Nort hern 
Shan States. 

(198) Mr. A, R. Ober- 
lander, Hamtu. 

Lead and silver- 
ore. 

P. L. 

820-0 

18th August 
1929. 

Do. 

Do. 

(199) Do. 

Do. 

P.L. 

(Renewal). 

1,920-0 

20th March 
1929. 

Do. 

Pakokku 

(200) Ma B1 B1 . 

Natural petrolenm 

P.L. 

499-2 

16th October 
1929. 

Do. 

Do. 

(201) Messrs. Burmalt 
Oil Co., Ltd. 

Do. 

P.L. 

820-0 

24th April 

1 1929. 

2 years. 

Do. 

(202) Do. 

Do. 

P.L. 

820-0 

mh October 
1920. 

Do. 

Do. 

(208) Messrs. Indo- 
Burma Petrolenm 
Co., Ltd. 

Do. 

P.L. 

2,400-0 

12th Febm* 
ary 1929. 

Do. 

Do.. 

(204) Messrs. Rangoon 
OUOo.,Xtd. 

Do. 

M.L. 

(Renewal). 

640-0 

1st January 
1929. 

80 years. 

Do. 

(SOS) Messrs. Bnrmah 
Oil Oo., Ltd. 

Do. 

P.L. 

(Renewal). 

800-0 

7th NoTem- 
ber 1929. 

1 year. 

Do. 

( 206 ) Mesns. Rnngoon 
(W0o„Ltd. 

Do. 

M.L. 

(Renewal). 

640-0 

Not stated . 

Not stated. 

Do. 

(207) MesBB. Bnmisb 
Oil Co., Ltd. 

Do. 

P.L. 

(Renewal). 

160-0 

22nd March 
1929. 

1 year. 

Salween 

(208) Maung Tbeln 
Sio. 

All minerals ex- 
mineral 

P.L. 

2,660-0 

1st August 
1929. 

Do. 


V.lj.»Pntfteaii§IAMm. H.i.-JIM iwX«m». 
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Dlitrlot. 

Griatee. 

Mineral. 

Nature 

of 

grant. 

Area in acree. 

Date of 
eommen ce¬ 
ment. 

Term. 

Sliwebo 

(209) llaMTi. The 

lodo-BunnA Petro¬ 
leum Co., Ltd. 

Natural joetrdeu m 
including natur¬ 
al gas. 

P.L. 

6,440*0 

14 th Augnat 
1929. 

2 years 

Do. 

(210) Do. 

Do. 

P.L. 

(Benewal). 

6,118-6 

12ili March 
1929. 

Do. 

Son t h e r n 
Sbnn BUiM. 

(211) Ifeesrs. Steel 

Bros. 

Silver and lesd . 

P.L. 

478-(i 

16th May 

1929. 

1 year. 

Do. 

(2121 Do. 

Do. 

P.L. 

2,080*0 

lat Jone 1929 

Do. 

Do. 

(21S) HMngHyan 

Blag . 

P. L. 

660-4 

Do. 

Do. 

Do. 

(214) Mr. Tan To^ln 

Do. . 

M.L. 

248 2 

let November 
1929. 

10 years. 

Do. 

(215) Mr. J. W. lly.n 

Wolfram 

P. L. 

676-0 

16th Novem¬ 
ber 1929. 

1 year. 

Do. 

(216) Mem. steel 
Bros. 

Silver and lead 

P. L. 

648 C 

8rd Decem¬ 
ber 1929. 

I»o. 

Do. 

(217) Do. 

Do. 

P. L. 

460-8 

Do. 

Do. 

Do. . 

(218) Do. 

Do. 

P. L. 

820-0 

Do. 

Do. 

Do. 

(219) Do. 

Do. 

P. L. 

128-0 

Do. 

Do. 

Do. 

(220) Mr. Abdul Haq . 

All minerals ex¬ 
cept oil. 

P. L. 

882-0 

7tb January 
1929. 

Do. 

Do. 

(221) Mesin. Steel 
Bros. 

Silver and lead . 

P.L. 

(Kenewal). 

14,010-0 

20th Septem¬ 
ber 1929. 

2 years. 

lAToy 

(222) Hanng Fo Swe . 

Tin and wolfram . 

M. L. 

640-0 

let April 

1929. 

80 years. 

Do. 

(228) Mems. The 

Tavoy Enbber Co. 

Do. 

P.L. 

684-8 

20th Augwt 
1929. 

1 year. 

Do. 

(224) Mr.A.J.Kobert. 
son. 

Do, 

P.L. 

134*4 

Slat July 
1929. 

Do. 

Do. 

(226) Do. 

Do. 

P.L. 

185-6 

12th July 
1929. 

Do 

Do. 

(226) Mr. Qnah Hun 
Cheonf. 

Do. 

P.L. 

249-6 

6th April 

1929. 

Do. 

Do. 

(227) Maung Obn K\ no 

Do. 

P.L. 

1,497-6 

27th July 

1929. 

Do. 

Do. 

(228) Mr. 8. N. Dutt. 

Do. 

P. L. 

688-8 

20th Marrh 
1929. 

Do. 

Do. 

(229) Do. 

Do. 

P.L. 

640-0 

6th March 
1929. 

Do. 

Do. 

(280) Mr.A.J.Bobert- 
•on. 

Do. 

P.L. 

640-0 j 

22nd July 
1029. 

Do. 

Do. 

1 

(2.^11) Mr. S.K.Dutt. 

Do. 

P.L. 

819*2 

80th August 
1029. 

Do. 

J)c, j 

(282) Mr. A. 0. Martin 

Do. 

P.L. 

889-6 

29th August 
1929. 

Da 
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Dittrlot. 

Qrftntre. 

Mineral. 

Nature 

of 

grant. 

Area In arres. 

Date of 
oommoncc- 
ment. 

Term. 

Twoy 

(233) 24r. C. Soo Don. 

Tin and wolfram . 

P. L. 

840-0 

21st March 
1929. 

1 year. 

Do. 

(234) Ma Thein May . 

Do. 

P.L. 

040-0 

5th April 

1929. 

Do. 

Do. 

(235) Mr.J.J.A.Page 

Do. 

P.L. 

61-2 

4th June 

1929. 

Do. 

Do. 

(238) Mr. Yeo Kyi 
Han. 

Do. 

P.L. 

108-4 

ISth March 
1929. 

Do. 

Do. 

(237) Messrs. Burma 
Malaya Mines. 

Do. 

P.L. 

51-2 

8tb Dooem- 
ber 1929. 

Do. 

Do. 

(238) Mestfs. The 

Anglo*Burma Tin 
Co., Ltd. 

Do. 

P.L. 

76-8 

2l8t June 

1929. 

Do. 

Do. 

Do. 

(230) Maung Ba Oh . 

(240) Messrs. Eu Pola 
Bros. 

Do. 

Do. 

P.L. 

P.L. 

108-8 

839-2 

11 til March 
1929. 

2ith July 

1920. 

Do. 

Do. 

Do. 

(241) Mr. Quah Hun 
Cheong. 

Do. 

P. L. 

676-0 

12th October 
1929. 

Do. 

Do. 

(242) Maung Ohn 

Nyun U Dwe. 

Do. 

P.L. 

240-6 

20th June 
1929. 

Do. 

Do. 

(248) Maung Ohn 

Nyun. 

Do. 

P.L. 

320-0 

Do, 

Do. 

Do. 

(244) Messrs. Eu Pola 
Bros. 

Do. 

P.L. 

249-6 

27tli July 

1929. 

Do. 

Do. 

(245) Mr. RowUnd 
Ady. 

Du. . 

P. L. 

288-0 

20ili 8eptem- 
' ber 1929. 

Do. 

Do. 

(240) Maung Ohn 

Nyun. 

Do. , 

P. L. 

1,376-0 

80lb Septem¬ 
ber 1929. 

Do. 

Do. 

(247) Mr. E. Ahmed . 

Do. 

P. L. 

454-4 

loth July 
1929. 

Do. 

Do. 

(248) U Ba Oh . 

Do. 

P.L. 

537-6 

12th October 
1929. 

Do. 

Do. 

(249) Mr. C. SooDon. 

Do. 

P. L. 

320‘0 

Olst July 

1920. 

Do. 

Do. 

(260) Messrs. CMsps A 
Co. 

Do. 

P.L. 

666-8 

7th Septem¬ 
ber 1929. 

Do. 

Da. 

(251) Mr. Teh Lu Pe . 

Do. 

P.L. 

1,466-6 

12th Septem¬ 
ber 1929. 

Do. 

Do. 

(262) Mr. Khoo Tun 
Byan. 

Do. 

P. L. 

595-2 

7th Novem¬ 
ber 1929 

Do. 

Do. 

(258) Mr. Quah (Theng 
Guan. 

Do. 

P. L. 

1,478-4 

Ist Novem¬ 
ber 1929. 

Do. 

Do. 

(254) Mr. A. J. Robert¬ 
son. 

Do. 

P. L. 

170-2 

5th Novem¬ 
ber 1929. 

Do. 

Do. 

(256) Mr. A. S. Moha- 
mod. 

Do. 

P. L. 

294-4 

20th Novem¬ 
ber 1929. 

Do. 


F. L.« Frotpteting JAmte, 
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Distiiot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence- 
mmt 

Term. 

Tavoy 

(256) Mr. Ong Hoe 
Kyjn. 

Tin and wolfram . 

P.L. 

060*0 

20th Decem¬ 
ber 1029. 

1 year. 

Do. 

(257) Do. 

Do. 


P.L. 

640*0 

14th October 
1029. 

Do. 

Do. 

(258) Mauog Fo 8wo . 

Do. 


P. L. 

614*4 

12th Septem¬ 
ber 1929. 

Do. 

Do. 

(250) Daw Yal . 

Do. 


P.L. 

512-0 

30th Novem¬ 
ber 1920. 

Do. 

Do. ‘ • 

(260) Mr. Quoh Cheng 
Goan. 

Do. 


P.L. 

358*4 

2nd Novem¬ 
ber 1929. 

Do. 

Do. 

(261) Daw Kylu May. 

Do. 


P.L. 

640*0 

16th Septem¬ 
ber 1929. 

Do. 

Do. 

(262) Do. 

Do. 


P.L. 

275*2 

30th October 
1929. 

Do. 

Do. 

(268) Meaart. Eu Po 
Hia Bros. 

Do. 


P.L. 

480-0 

26th Novem¬ 
ber 1929. 

Dc. 

Do. 

(86^) Do. 

Do. 


P.L. 

612-0 

18th Decem¬ 
ber 1929. 

Do. 

Do. 

(265) Maung Ba Oh . 

Do. 


P.L. 

505*2 

14th Novem¬ 
ber 1929. 

Do. 

Do. 

(266) Messrs. Newbery 
and Ward. 

Casslterlte . 


M. L. 

761*6 

16th July 

1929. 

30 years. 

Do. 

(267) Mr. Ong Hoe 
Kyln. 

Tin and wolfram . 

M. L. 

116*2 

Ist June 1P29 

Do. 

Do. 

(268) Messrs. Consoli¬ 
dated Tin Mines of 
Burma, Ltd. 

Casslterlte 

wolfram. 

and 

M. L. 

121*6 

15th August 
1929 

Do.^ 

Do. 

(260) Daw Yal . 

Tin and wolfram. 

M.L. 

454*4 

Do. 

Do. 

Do. 

(270) U. Maung Maung 

Do, 


M. L. 

360*0 . 

Ist Decem¬ 
ber 1929. 

Do. 

Do. 

(271) Mr. Ong Hoe 
Kyln. 

Do, 


M.L. 

864-0 

16th NoTem- 
ber 1929. 

Do. 

Do. 

(272) Messrs, (’onsoll- 
datod Tin Mines of 
Burma, Ltd. 

All rainrrals 
oept oil. 

cx- 

M. L. 

512-0 

15th August 
1929, 

Do. 

Do. 

(278) Do. 

Tin and aUied 
minerals. 

M.L, 

275*2 

Do. 

Do. 

Do. 

(274) Mr. J. J. A. Page 

Casslterlte. gold 
and wolfram. 

M. L, 

345-6 

1st Dcrrin 

ber 1029. 

20 years. 

Do. 

(275) Messrs. Eu Po 
Uia ^ 08 . 

Tin and wolfram . 

P. L. 

(Renew’al). 

.512-0 

26tli 

Ix’i- 1029. 

1 yc.Tr. 

Do. , 

(276) Mr. Klioo Sein 
Sltan. 

Do. 


L. 

(Renewal). 

729-6 

2.5 th March 
1029. 

Do.'. 

Do. 

(277) Mr. Ong Hm 
Kyln, 

Do. 


P. L. 

(Renewal). 

115*2 

7fh Mrt V 1929 

2 year^ 


V. T<f « Prwpeding T/icenie, M. L. «• Minifuj 
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F. L. -i Frotp$etkt$ Udmm, 


K. In ■> JfMif Lm$, 
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Dlitrict. 

Qrtniee. 

Mineral. 

Nature 

of 

grant. 

Area In aeru. 

Date of 
oommenoe- 
meat. 

Term. 

BaUghAt 

Mr. K. 0, Guj>U 

MangancM-or* 

P.L. 

86 

8th February 
1929. 

1 year. 

Do. 

(209) Do. 

Do. 

P.L. 

43 

23tb March 
1929. 

Do. 

Do. 

(800) Mr. R. P. 
MudaUar. 

Do. 

P.L. 

200 

9th February 
1929. 

Do. 

Do. 

(801) Mr. M. B. 
I^atla. 

Do. 

P.L. 

48 

22nd July 
1920. 

Do. 

Do. 


Uo. 

P. L. 

200 

6th March 
1929. 

Do. 

Do. 

(808) Mr. C. SUnley 
Harrli. 

Do. 

M. L. 

1 

19th Anguat 
1929. 

18 years. 

Do. . 

(804) Mr. Amrlt Lai 
P. Trlvedl. 

Do. 

M. L. 

20 

80th 8eptem> 
ber 1029. 

so years. 

Do. 

(805)Mr. K. O.Qupta. 

Do. 

P.L. 

141 

5th Jannary 
1929. 

1 year. 

Do. 

(300) Mit. Mannabai . 

Do. 

M. L. 

94 

6lh February 
1929. 

30 years. 

Do. 

(807) Mr. Amrltlal F. 
Trlvodl. 

Do. « 

P. L. 

50 

2:>th January 
1929. 

1 year. 

Do. 

(808) Mit. Miinnahai . 

Do. 

P. 1.. 

18 

24th Jnly 

1929. 

Do. 

Do. 

(800) Mr. Amrltlal 
P.Trlvedl. 

Do. 

M. L. 

88 

19th February 
1929. 

30 years. 

Do. 

(810) Mit. Munnabal . 

Do. 

P.L. 

182 

loth February 
1920. 

1 year. 

Do. • 

(811) Do. 

Do. 

P.L. 

188 

12tb llaroh 
1929. 

Do. 

Do. 

(812)Mr.M.D.MarfaUa 

Do. 

P.L. 

84 

iRt March i 
1929. 

Do. 

Do. • 

(813) Mit Munnabal . 

Do. 

P.L. . 

132 

24th July 

1929. 

Do. 

Do. 

(3U))Cr.M.B.MarfaUa 

Do. 

M.L. 

82 

21it October 
1929. 

80 years. 

Do. 

(816) ICat. Munnabal . 

Do. 

P. L. 

88 

24th July 

1929. 

I year. 

Do. • 

(3L0)Mr.M.B.MarfaUa 

Do. 

P. L. 

88 

80th October 
1029. 

Do. 

Do. 

(817) Do. 

Do. 

P.L. 

82 

21 St October 
1929. 

Do. 

Do. 

(818) Do. 

Do. 

P.L. 

11 

17th Novem¬ 
ber 1920. 

Do. 

Do. 

(819) Do. 

Do. 

P.L. 

50 

' 11th Novem¬ 
ber 1020. 

Do. 

Do. 

(820) Maura. Oka Bro- 
thars. 

Do. 

P. L. 

88 

21it August 
1929. 

Do. 


P.Ik-PravMNiwMoMM. ILUmUMMUtti. 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
oommenoe- 
meat. 

Term. 

Balacbat 

(321)Mr.M.B.Marfatla 

Manganese-oro . 

P.L. 

73 

21st October 
1029 


Do. 

(822) Messrs. B. P. 
Byramjl <k Co. 

Do 

M.L. 

8 

8th November 
1029. 


Do. 

(82S) Do. 

Do. 

M.L. 

11 

22Dd Novem¬ 
ber 1929. 

Do. 

Do. 

(824) Do. 

Do. 

M.L. 

4 

Do. 

Do. 

Do. 

(826) Do. 

Do. 

M.L. 

20 

6ib November 
1929. 

Do. 

Do. 

(SWj^Mr. SamluUa 

Do. 

P.L. 

6 

2l8t Novem¬ 
ber 1029. 

Do. 

Bbandan 

(827) Eao Sahib B. V. 
Buti. 

Do. 

P.L. 

6 

letb August 
1029. 

Do. 

Do. 

(829) Mr. M. A. Pasha, 
minor, through guar¬ 
dian Munehi 8 . AUl- 
muddln. 

Do. 

P.L. 

63 

19th February 
1029. 

Do 

Do. 

(829) Messrs. Ganpat 
Sao Dhanpat Sao. 

Do. 

P.L. 

4 

8th February 
1920. 

Do. 

Do. 

(S80)EalBahadu] Seth 
Gowardhan Das. 

Do. 

P.L. 

8 

11th Novem¬ 
ber 1920. 

Do. 

Do. 

(331) MortftrH. Namdeo 
Pandurang. 

Do. 

P. L. 

66 

5th Noveniber 

1 1920. 

Do. 

Do. 

(332) Messrp. Ganpat 
Sao Dhanpat Sao. 

Bauxite and Oxide 
of Iron. 

V. L. 

647 

14th Ortober 
1929. 

Do. 

Do. 

(333) Messrs, Yadulal 
Bhadulal. 

Manpnrse . 

M. L. 

6 

82nd Derem- 
her 1928. 

10 years. 

Do, 

(384) Kal Bahadur Seth 
Govardhan Das. 

Do. 

M.L. 

8 

8th Decem¬ 
ber 1928. 

Do. 

Do, 

(333) Do. 

Do. 

M.L, 

28 

12th Decem¬ 
ber Mi28. 

Do. 

Do. . 

(83tt) Maharaj Jugol 
Klsbore 5a th Shah 
Deo. 

Do. 

i 

M. L. 

25 

4th June 

1929. 

SO years. 

Do. 

^ (887) Messrs. B. P, 
Byramjl dr Co. 

Do, 

M. L. 

22 

23rd February 
1929. 

6 years. 

Dflaspnr 

(888) Messrs. Dunlop 
and Consldine Ghor- 
deWB Coal Fields 
Ltd. 

Coal and iron 

P. L. 

11,900 

9t.h Harcii 
1929. 

1 year. 

i 

Do. 

(839) Do. 

Coal . 

P.L. . 

8,870 

6th November 
1028. 

Do. 

Do. 

(840) Do. 

Do. . 

P.L. 

4,824 

29th Novem¬ 
ber 1928. 

Do. 

i 

Do. 

(841) Do. 

Do. . 

P. L. 

12,260 

80th June 
1928. 

Do. 


P. rAotnm, yi,t* 
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Dtotriot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area in acrea. 

Date Of 
oommeo ce¬ 
ment. 

Tenn. 

Chhindwftra 

(842) The Ajnalgamated 
Coal Fields Ltd. 

Coal . 

M. L. 


60 

5th AprU 

1929. 

13 years. 

Do. 

(343) Do. 

Do. . 

M. L. 


1 

10th Octeber 
1929. 

20 years. 

Do. . 

(844) Kesers. S. Laxman 
Kao and B. Nanlngh 
Kao Naidu. 

Manganese . 

P. L. 


78 

20th Fbruary 
1929. 

1 year. 

Do. . 

(845) Messrs. BaUjl 
tanhajl. 

. . . . 

P. L. 


81 

24th January 
1929. 

Do. 

Do. . 

(84«) Do. 

Do, 

P. L. 


5B 

Do. , 

Do. 

Do.- . 

(347) Lala Jaganath 
Prasad and Kam* 
charanial. 

Limestone . 

P. L. 


4 

15th May 

1929. 

Do. 

Do. . 

(848) Mr. NrityaGopal 
Boee. 

Manganese . 

P. L. 


16 

9th April 

1929. 

Do. 

Diamoh 

(349) Mr. Dlnanath 
Shrlvastava. 

Llrue‘*(onc . 

Q. L. 


14 

nth ApiU 
1929. 

10 years. 

Do. 

(350) Mr. Mahadeo 
Praaad Shrivastava. 

Do. 

Q. L. 


5 

26tb September 
1929. 

Do. 

Drug , 

(351) Lallndra Shah. 

Galena ore . 

P. L. 


12 

tSnd J ine 
1929. 

1 ycur. 

Jubbulpore . 

(852)MeMrs. Kaopher- 
ton & Co. 

Bauxite 

M. L. 


222 

Srd August 
1929. 

80 years. 

Do. . 

(858) Do. 

Do, 

M. L. 


588 

22Dd March 
1929. 

Do. 

Do. 

(854) Mr. N. Venkat 
Kamanna. 

Do. 

M. L, 


26 

25th Decem¬ 
ber 1928. 

Do, 

Do. 

(355) Do. 

Do. 

M. L. 


50 

12th Decem¬ 
ber 1928. 

Do. 

Do. , 

(356) Hr. ('bakorilal 
Patluik. 

Do, 

M. L. 


1 

28rd May 

1929. 

10 years. 

Nagpur 

(357) Heasrs. Nanidfo 
Pandorang Dalai. 

llanganoM. 

P. L. 


128 

16th AprU 
1929. 

1 year. 

Do. . 

(358) Do. 

Do. 

P. L. 


46 

Do. 

Do. 

Do. • 

(350) Messrs. Oanpat 
Sao Dhanpat Bao. 

Do. 

P. L 


98 

81st Jauaary 
1929. 

Do. 

Do. • 

(880) Mewa. N. D. Zal 
Brothers. 

Do. 

P. L. 


8 

14 th August 
1920. 

Do. 

Do. • 

(881) Mr. 8. Vinayakrao 

Do. 

M. L. 



8th January 
1920. 

10 years. 

Do. • 

Do. • 

(888) The Central Pro¬ 
vinces Tiles and 
Btlck manufacturing 
Oo. 

(888) Do. 

CUy . 

Do. . 

Q. L. 

Q.L. 


1 

ISth May 

1920. 

5 years. 

Do. . 1 

(884) Mr. Balaram 
Kamohandra. 

Do. . . . j 

Q. L. 


■ 

241b AprU 
1029. 

! 10 yean. 


V.J„ m PntpMll»iHcmu$, imtt, 9. k-gwmy Imm. 


F 
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1 


Kature 


Date of 


Diltriot. 

Grantee. 

Mineral. 


of 

Area in acrea^ 

commence¬ 

JCeOD. 




grant. 

ment. 


Ntgpur 

(305) Mr. Dudhulal 

CUy 


Q. L. 

11 

5th April 

10 yeaii. 

Balarani. 





1620. 


Do. 

(866) Mr Yenku 

Do. . 


Q. D. 

1 

21 at January 

Do. 


IJptihya. 





1929. 


Do. . 

(S67) Mahanj Kumar 

Mangauet>e . 


M. L 

164 

22nd January 

30 yeais. 


Jugal Kiahorc Kath 
Shah Deo. 





1629. 


Do. . 

(368) Mr. Wadpoo 

( lay . 


Q. L. 

2 

2lKt August 

6 years. 


Miatry. 





1929. 

Do. . 

(860) Rao Sahtth R. V. 

Do. . 


g. L. 

3 

22d( 1 April 

2 years. 


Bntl. 





1929. 

Do. 

(370) Mr. Bha\\anji 

Manganof-e . 


M. L. 

6 

22nd March 

30 years. 


Naranjl, 





1029. 

Do. 

(371) Mr. Shamji 

Do. 


M. L. 

7 

28th Pebmary 

16 years. 


liaranjl. 





1929. 

Do. . 

(372) Meaera. C. Bar- 

Do. 


M. L. 

10 

22nd February 

5 years. 


moajee N. Rua- 
tomjee. 





1926. 


Do. 

(873) Do. 

Do. 


M.L. 

46 

Do. 

10 years. 

Do. 

(374) Mr. Chhanoo 

CUy . 


Q.L. . 

2 

16tb Septem¬ 

1>0. 


Kumbbar. 




ber 1926. 


Do. 

(876) Hr. GanpatRao 

Manganese. 


M.L. 

14 

20th March 

80 years. 


Laxman Rao. 





1929. 


Do. 

(876) Meura. Nathu 

Clay* . 


Q.L. 

0 

IJth Jily 

10 years. 


and Karajan. 




1920. 

Do. 

(877) Mr. Khuman 

Do. . 


Q.L. 

3 

8th July 1929 

Do. 


Puran. 





Do. 

(878) Mr. Goawaml 

Manganeec. 


M. L. 

20 

8th February 

Do. 


Maheahpuil. 





1929. 


Do. 

(870)Hr.8.AmJnudd)n 

Linieatone . 


P. L. 

24 

61 h November 

1 year. 






1929. 


Do. 

(880) K.C.Gupta . 

Manganese . 


P. L. 

81 

lat AugUJt 

Do. 







1929. 


Do. 

(381) Do. 

Do. 


P.L. 

28 

14ib October 

Do. 






1929 


Do. 

(882) Mr. Ranilal 

day . 


Q.L. 

1 

8nd March 

10 years. 


Ramcband. 





1929. 

Do. 

(888) Meaan. Tularam. 

Do. 


Q.L. 

3 

17th October 

Do. 


BrlJaUl and Dbekal. 




1929. 


Do. • 

(884) Hr. Ramlal 

Do. 


Q L. 

1 

13th August 

6 years. 


BamckaDd. 





1929. 

Do. 

(886) Hr. irdeiblr 

Llmeatonc . 


Q. L. 

4 

6th Decem¬ 

Do. 


framjl. 

1 





ber 1929. 


r&riinghpor 

(886)Hr.I.F.Diitta . 

Soapstone . 


P. L. 

26 

8tb January 

1 year. 







1929. 


oodI , • 

(887) Rni Sahib 

Hanganeae . 


P.L. 

867 

SOtb January 

Do. 


Alodhya Proead 
BmyaTa. 




1929. 


FrotpdetiK^ lArtnst, 

KD.- 

Ififtiag lean. 

Q.L. m Qf/flrffg 
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MADRAS- 


Dtetrlrt. 

Grant fo. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
coramcn ce¬ 
ment. 

Term. 

Auant«pur 


(S88) Moka Ptidda 
Naratuiyya. 

China cla 


M. 1. 

14 54 

26th Septem¬ 
ber 1928. 

a Tears. 

1>0 


(S89) M. Hajagopal 
Kayodn. 

Mica . 


P. L. 

30-75 

13th Decem¬ 
ber 1928. 

1 year. 

Do. 


<390) Kopparapu Ven- 
katatunbayya. 

Barytca 

‘ 

P. L. 

(lleneual) 

22-25 

l8t Septem¬ 
ber 1928. 

Do, . 

Bellary 


(S01)E.H.£u«hton . 

ManganeBO-ure 

P. L. 

720-22 

19th June 

1920. 

Do. 

Do. 


(802) A. Plcbayya 
Nayudu. 

Do. 


P. L. 

460-01 

22Dd July 

1020. 

Do. 

Do. 


(808) Do. 

Do, 


P. L. 

245-05 

Do. 

Do. 

Duddapab 


(394) bltarauiachar 

Aibeatos 


P. L. 

1,790-74 

Ist February 
1929. 

Do. 

Do. 


(305) Kopparapu Yen* 
kataaoobayya. 

BariteB 


P. L. 

62-08 

Do. 

Do. 

Do. 


(806) laanaki Kama- 
Bubba Beddi. 

Manganese-ore . 

P. L. 

026-80 

22ud August 
1020. 

Do. 

Do. 


(807) H, A. Gotwynne. 

Asbestos 


P. L. 

1,695-85 

2nd June 

1929. 

Do. 

IK). 

. 

(398) Do. 

Do. 


P. L. 

802-32 

Do. 

Do. 

Do. 


(800) Mynoro ABbestoB 
Minea, Ltd. 

Do. 

• 

P. L. 

538-93 

20th July 

1020. 

IK). 

Do. 


(400) Do, 

Do. 


P. L. 

189-36 

Do. 

Do. 

Do. 


(401) U. A. Golwynne 

Do, 


P. L. 

(Renewal). 

24 20 

17th Septem¬ 
ber 1020. 

Do. 

Do. 


(402)ThoinaBTimn . 

Dar)1e« 


P. L. 

39-05 

7th December 
1920. 

Do. 

EaAt <Jodavari 

(403) P. V^enkayya 

Mica . 


P. L. 

2 MU 

2,3rd Angust 
1020. 

Do. 

Kuruool 


(404) b. P. Ranga Kao 

Do. . 


P. L. 

4-00 

29th June 

1929. 

Do. 

Do. 


(405) Do. 

Do. . 


P. L. 

18-00 

25th July 

1929, 

Do. 

Do. 


(406) Do. 

Do. . 


P. L. 

0-85 

9th May 1929 

Do. 

Do. 


(407) Do. 

Do. . 


P. L. 

8-00 

Do, 

Do. 

Do. 


(408) Do. 

Do. . 


P. L. . ! 

8-00 

18th Decem¬ 
ber 1020. 

Do. 

Do. 


(400) Do. 

IK). . 


P. L. 

36-98 

4th December 
1929. 

Dp. 

Do. 

• 

) (410)D. P. SeahaRoddl 

Do. . 


P. L 

12-00 

14th May 

1020. 

Do. 

Do. 

1 


Do. . 


P. L. 

4-00 

Do. 

Do. 

Do. 

1 


Do. . 


P.L. 

10-82 

4th February 
1920. 

Dc. 


P; L« M Fr^tpteHMg Lkmm, M. Li -• JiUiHj Uam . 

f2 
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M8 


MADRAS— 


Diftriot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
oommenoe- 
ment. 

Term. 

SnrDOOl 

(418) B. P. Seiha 
Beddl. 

Mica 

• 

P.L. 

1-62 

lltb March 
1929. 

1 year. 

Do. 

(414) Do. 

Do. . 


P.L. 

2*40 

17th May 

1929. 

Do. 

Do. , 

(4U^ Aaliniil Hossaln 

Do. . 


P.L. 

81‘00 

18th May 

1929. 

Do. 

Do. « 

(410) Do- 

Do. . 


P.L. 

4-12 

7th November 
1929. 

Do. 

Do. 

(417) Do. 

Do. . 


P.L. 

2000 

25th July 

1929. 

Do. 

Do. 

(418) Do. 

Do. . 


P.L. 

8-20 

1st August 
1929. 

Do. 

Do. . 

(419) V. V. Subbayya 
Pantola. 

Do. . 


P.L. 

6-00 

loth April 
1929. 

Do. 

Do. • 

(420) Do. 

Do. . 


P. L. 

4-00 

10th February 
1929. 

Do. 

Do. . 

(421) Do. 

Do. . 


P.L. 

8-50 

Do. 

Do. 

Do. 

(422) Do. 

Do. . 


P.L. 

4*00 

8rd December 
1929. 

Do. 

Do. . 

(428) Do. 

Do. . 


P.L. 

1600 

Do. 

Do. 

Do. , 

(424) Kbao Bahadur 
Waljee Laljee. 

Dlamondi 

copper 

and 

P.L. 

1 

8*65 

25th Septem¬ 
ber 19^29. 

Do. 

Do. . 

(425) Ashruff Hnaaain 
Khan Mandoiie. . 

Barytes 


P.L. 

700 

Ist December 
1929. 

Do. 

Do. . 

(426) 8. Jayarama 

Beddi. 

Do. 


P. L. 

81-75 

20th Novem¬ 
ber 1929. 

Do. 

Nellore 

(427) A. Rama Nayadu 

Mica . 


P.L. 

1-98 

12th March 
1929. 

Do. 

Do* 

(428) T, C. Danda- 
yndham Pllla!. 

Do. . 


M. L. 

0-09 

28th Septem¬ 
ber 1926. 

TiU 25th 
June 1956. 

Do. . 

(429) M. Snlbarayudu 

Do. . 

• 

M. L. 

8-86 

15th May 
1929. 

80 yean. 

Do. . 

(4ao)Q.O.SubbaReddl 

Do. . 


M.L. 

12-04 

25th Septem¬ 
ber 1929. 

Do. 

Do. • 

(481) KoHi V. Svbba 
E^dl. 

Do. . 


P. L. 

22-80 

12th April 
1929. 

1 year. 

Do. • 

(488) n. V. Snbba 
Raddi. 

Do. . 


j P. L. 

4-47 

7th April 

1929. 

80 years. 

Do. • 

Do. . 

(48f) Bayed Khajtmea 

(484) Do. 

Do. . 

Do. . 


M.L. 

M. L. 

9*89 

60-67 

lltb January 
1929. 

Do. 

Do. 

Do. 

Do. . 

(485) K. BeehaTya 
tnietti and anotoer. 

Do. . 


M.L. 

6-50 

12tb February 
1929. 

TUI 80th 
Septem¬ 
ber 1944. 

Do. . 

(4M)P.Papl Beddi . 

Do. . 

• 

P.L. 

21-18 1 

mb July 
1929. 

lyear. 


Pii ^ • ProtpMtim Uoimi, K. L. • 6>4M. 
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MADRAS—amcW. 


Distriot. 

Grantee. 

Mineral. 

Katore 

of 

grant. 

Areain aoree. 

Date of 
commence- 
moot. 

Term. 

NtUon 

(487)P.PaplEc4dl . 

Mica . 

P. L. 


85*24 

17tb July lOtO 

1 year. 

Do. 

(488) Q. Chanchayya . 

Do. . 

M.L. 


1-45 

6th March 
1020. 

80 yean. 

Do. • 

(480) M. Rama Rao . 

Do. . 

M. L. 


0-06 

22Dd AngTut 
1020. 

Do. 

Do. 

(440)Y.yenkatainbbii. 

yya. 

Do. . • 

P. L. 


6-01 

Do. 

1 year. 

Do. 

(441)P.Venkayya . 

Do. ... 

P. L. 


80*72 

0th June 

1020. 

Da 

Do. 

(442) Do. 

Do. . 

P. L. 


7810 

12th April 
1020. 

Da 

Do. 

(U8) T. VaiO . 

Do. . 

P. L. 


28*87 

18th July 
1020. 

Da 

Do. 

(444) V. Venkatagnb- 
bayya. 

Do. . 

P. L. 


26*28 

10th July 

1020. 

Do. 

Do 

(445) Rao Sahib P. 
Veera Reddl. 

Do. . 

M. L. 


4*42 1 

12th October 1 
1020. 

80 yean. 

Do. 

(440) S.V.Subba Reddl 

Do. . 

P. L. 


28*00 

0th October 
1020. 

1 year. 

North Aroot. 

(447) H. A. Oolwynne 

Pyrlteg 

P. L. 


1,060*00 

5th November 
1928. 

Da 

Do, 

(448) Do. 

Do. . 

P. L. 


1,280*00 

2Dd March 
1020. 

Da 

Do. 

(449) Do. 

Do, . 

P. L. 

• 

424*00 

25th May 
1920. 

Da 

Trlchlnopoly 

i 

(460) C. Middleton . 

Pho.^phatlc nodules 
ana gypsum. 

M. L 

• 

430*22 

l»t July 

1029. 

5 years. 


NORTH-WEST FRONTIER PROVINCE. 


Dera Ismail 
Khan. 

(461) The Indo-Burnia 
Petroleum Go,, Ltd. 

i 

Natural petrolei»m 
(Including na¬ 
tural gas). 

P.L. 

1,321*0 

loth March 
1920. 

1 year. 

Do. . 

(462) 

Do. 

Do. 

P, L. 

2,006*2 

10th Septem¬ 
ber 1929. 

Da 

Do. . 

(468) 

Do. 

Do. 

P. L. 

(Renewal), 

■10,880*0 

2nd February 
1920. 

Da 

Do. . 

(454) 

Do. 

Do. 

P.L. 

(Renewal). 

8,040*0 

4th August 
1929. 

Do. 

Kohat 

(46Tl^Bnrmah Oil Co , ' 

mneral oil . 

K. L. 

Shlnghar hills 
and Thai! In 
Terl UUuU 
and Panolia 
and Chorlaki 
in Kohat 
tnhfil. 

26th March 
1929. 

Da 


V.L.mPnip*cHniUetnu. U.L.- B. U- 
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Ptatrict. 

Grant ef. 

Mineral. 

Nature 

of 

grant. 

Area In acres. 

Date of 
commence' 
ment. 

Term. 

Jhehiin 

(466) L. Kam Lai . 

Coal . 

F. L. 

96 

18th February 
1929. 

1 year. 

Do. 

(457) L. Bant Bam . 

Do. . 

M.L. 

64 

iBt March 
1928. 

10 year*. 


F. L. -i l^TOifectxng Licentt, JC. L. - Minin$ Leoie. 


SUMMARY. 


Frovince 

Exploriug 

License. 

FrospecUng 

License. 

Mlninu 

Lease. 

Quarry 

I.ease. 

Total of each 
Frovince. 

Ajmer-Merwara . 

.. 

17 

1 

.. 

18 

ABsam 


20 

•• 

•• 

20 

Baluchistan. . 


- 

1 


1 

Bengal 


1 

•• 

•• 

1 

Bihar and Orissa . 


12 

19 

•• 

81 

Bombay 


4 

,, 

,, 

4 

Burma.... 


180 

89 

•• 

219 

Central Provinces. 

- •• 

47 

80 

16 

^ 98 

Madras 


62 

11 

.. 

63 

N.-W. F. Frovince. 

1 

4 

•• 

.. 

6 

Punjab « • 

. .. 

1 

1 

•• 

2 

Total of eaeh kind and 
grand total, 1929. 

1 

888 

102 

16 

467 

Total toe 1928. 

•• 

896 

100 

1 

497 
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Classification of Licenses and Leases. 

Table iS.—Prospecting Licenses and Mining Lease granted in Ajmer- 
Menoara during the year 1929. 


Districts. 

1929. 

No. 

Area in 

Mineral. 



acres. 


pRospECTiMO Licenses. 


Ajmer ..... 

11 

1 31-54 

1 Mioa. 

Do. .... 

1 

20-00 

Qraphite. 

Do. 

1 

2-00 

Mioa, beryl and aqua- 




marine. 

Beawar .... 

4 

12-38 

Mioa. 

Total 

17 

•• 



Minimq Lease. 


Beawar 


3-8 


Mioa. 


Table 44. —Prospeelirtg Lic^ivses granted in Assam during the year 1929, 


District. 

1929. 

No. 

Area in 

MineraL 



aoras. 

Caohar ..... 

2 

3,148-8 

Mineral oil. 

Kha« and Jaintia Hills . 

2 

1,280-8 

SiUimanite. 

Lakhimpur .... 

8 

24,828-8 

Mineral oil. 

Do. ... 

1 

3,616-0 

Coal. 

Manipur .... 

1 

1,140-0 

Copper. 

Sadiya Frontier Tract 

1 

2^-0 

oa. 

Sibaagar .... 

2 

10,144-0 

Afineral oU. 

Sylhet. 

3 

15,603-2 

Do. 

Total 

20 

1 

.. 
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Table 45. —Mining Lease granted in Baluchistan during the year 1929. 


Dibtbiot. 


1929. 

No. 

Attm, in 
B^oreB. 

Alineral. 

Sihi. 

1 

80 

Coal and ooal dost. 


Table 46. —Prospecting License granted in Bengal during the year 1929. 


Distbiot. 

1929. 

No. 

Area in 
acres. 

Mineral. 

Chittagong .... 

1 

4.000 

Natural petroleum. 

Table 47.— Prospecting Licenses an 
and Orissa durifu 

d Mining Leases granted in Bihar 
j the year 1929. 

DnrrKTOT. 

1929. 

No. 

Area in 
acres. 

Mineral. 

1 

Angnl. 

Singhbhmn .... 
Do. .... 

Do. 

Do. «... 

Do. 

Total 

^ROSPEorniG 

1 

5 

2 

2 

1 

1 

Lioxkses. 

640 00 
5.368-45 
2,168-32 
533-20 
1,491-20 
548-00 

Bed oohre. 

Iron-ore and manganese. 
Chromite. 

Manganese. 

Iron ore. 

All minerals except iron* 
ore and mica. 

12 

•• 

^tal Pafganaa 

Sanghbhtuxi . • . • 

l)o. .... 

Do. . . 

Do. .... 

Miking Lxi 
8 

3 

2 

2 

4 

lsks. 

26-32 

1.083-20 

243-75 

264*48 

2,350-97 

Coal. 

Chromite. 

Mamranese. 

Iron-ore. 

Iron-ore and manganaai. 

Total 

19 

•* 


Total 
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Table 48. —Prospecting Licenses granted in the Bombay Presidency 

during the year 1929, 



Belgaam 

K«aara 

Katnagiri 



60*0 Bauxite. 
2,360*4 Manganese. 
1,280*0 Chromite. 


Table 49. —Prospecting Licenses and Mining Leases granted in Burma 

during the year 1929, 



Pbospbotiwo Lioensbs. 


Akyab . 

• 

• 

7 

22,419-2 

Amherst 


. 

5 

7,196*0 

Lower Chindain 



9 

47,993-6 

Magwe . 

Meuctila 



5 

1 

9,28(K) 

1,318-4 

Do. 



1 

3684 

Do. 

• 


1 

473-6 

Mergui . 



11 

3,612-0 

Do. 



25 

9,776-6 

Do. 



3 

1,113-6 

Do. 



10 

6,112*0 

D 0.3 



6 

2,676*2 

Do.i 



3 

889-6 

Do. 



1 

1 2,647*2 

Do. 



2 

[2,278*4 


Natural petroleum includ¬ 
ing natural gas. 

All minerals except oil. 

Natural petroleum includ¬ 
ing natural gaa. 

Ditto. 

All minerals other thaj% 
natural petroleum. 

All minerals except pre¬ 
cious stone. 

All minerals other than 
mineral oil. 

Tin and allied minerals 
j except mineral oil. 

: Tin-ore. 

i Tin-stone, and allied 
minerals. 

Tin and other allied mine¬ 
rals. 

All minerals except olL 

All minerals other than 
petroleum and precious 
stones. 

Tm and ^Id. 

Tin, wouEram and other 
allied nietals. 
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Table 49 .—Proepecting Liceme* and Mining Leases grants in Bmiina 
during the gear 1929 —concld. 



Mergni . 

Minbu . 

MjiDgTan 

Myitkyina 

North^ Shan States 

Pakokku 

Salween 


Soathern Shan States 
Do. 

Do. 

Do. 

Tavoy . 

Thaton . 

Thayetmyo . 

Upper Chindwin 
Do. 


pBOSPBormro Liobkses— contd, 
.1 11 396-8 


2^-0 

1,280-0 

6,720-0 

2,240-0 

4,499-2 

2,560-0 

10,653-6 

18,010-0 

630-4 

832-0 

676-0 

28346-6 

640-0 

5,688-8 

2,672-8 

23604) 



Caasiterite, wolfram and 
allied minerals. 

CoaL 

Mineral oil. 

All minerals except oil. 
Lead and silver ore. 
Natural petroleum. 

All minerals except mine¬ 
ral oil. 

Natural petroleum includ¬ 
ing natural gas. 

Silver and lead. 

Slag. 

All minerals exoept oil. 
Wolfram. 

Tin and wolfram. 

All min^-als exoept oil. 
Natural petroleum includ¬ 
ing natural gas. 

Coal. 

Natural petroleum. 


Mmnro Lxasbs. 


Mergui 

Do. 

Do. 


Pakokku 

Southern Shan States 
Tavoy . 

Do. 

Do. 

Do. 

Do. 

Do. . . 



966-4 Tin-ore. 

5,472-0 Tin and allied minerals. 
82-0 Tin and allied minerals 

exoept minera] oil. 

390*0 Tin nod wolfram. 

857-6 Ghasiterite. 

882-0 All minerals except 

natural petroleum and 
natural gaa. 

1,280-0 Natural petroleum. 

243-2 Slag. 

2,433-6 Tin and wolfram. 

761-6 Oassiterite. 

121-6 Caasiterite and wolfram. 

512-0 All minerals exoept oil. 

276*2 Tin and allied minerals. 

345-6 Caasiterite, gold and wol- 

- fram. 
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Table 50.-—Prospecting Licenses and Mining and Quarry Leases granted 
in, the. Central Proeinees during the year 1929. 


District. 

1929. 

No. 

Area in 

Mineral. 



acres. 


Balagh&t 

Bhaiidara 

Do. 

Bila^pur 

Do. 

Chhindwara 
Do. 
Drug . 
Nagpur 
Do. 

Narsioghpur 

Seoul 


Total 


PEospKonNa Licenses. 


22 

1,893 

6 

136 

1 

647 

1 

11,900 

W 

19,956 

4 

233 

1 

4 

1 

12 

« 

387 

] 

24 

1 

20 

1 

367 

47 



Manganese. 

Do. 

Bauxite and oxide of iron. 
Coal and iron. 

Coal. 

Manganese. 

Limestone. 

Galena. 

Manganese. 

Limestone. 

Soapstone. 

Manganese. 


Mining Leases. 


Balagliat .... 

10 

288 

Manganese. 

Bhaniara .... 

6 

78 

Do. 

Chhindwara .... 

2 

61 

Coal and iron. 

Jubbuipore .... 

5 

867 

Bauxite. 

Nagpur .... 

8 

282 

Manganese. 

Total 

30 

•• 



Quarry Leases. 


Damoh. 

2 

19 

Limestone. 

Nagpur .... 

13 

61 

Clay. 

.... 

1 

4 

Limestone. 

Total 

' 16 

•• 
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Table 51. —Prospecting Licenses and Mining Leases granted in Madras 

during the year 1929. 


Distbiot. 

1629. 

No. 

Area in 
aorea. 

IfineraL 

] 

Anantapur .... 
Do. 

Bellary ..... 
Cndd^pah .... 
Do. .... 

Do. .... 

East Oodavari 

Kurnool .... 

Do. .... 

Do. .... 

NeDore .... 

North Aroot .... 

Total 

^BOSPnOTIKO I 
1 

1 

3 

6 

2 

1 

1 

20 

1 

2 

11 

3 

Aioairsas. 

30*75 

22*25 

1,434*28 

5,041*40 

101*73 

626*80 

21*10 

197*49 

8*65 

38*75 

286*70 

2,764*00 

Mioa. 

Barytes. 

Manganase. 

Asbestos. 

Barytes. 

Manganese. 

Mioa. 

Do. 

Diamonds and ooppei. 
Barytes. 

Mioa. 

Pyrites. 

52 

•• 

Anaatapnr .... 
Nellore .... 

Triohinopoly .... 

Total 

linnKO Lai 
1 

9 

1 

lBBS. 

14*54 

104*48 

430*22 

China olay. 

Mioa. 

Phosphatio nodules and 
gypsam. 

11 

*• 

Table 52.— Prospecting and Exploring Licenses granted in the . F, 

Province during the year 1929. 

DiSTBtOT. 

1929. 

No. 

Area in 
acres. 

Mineral. 

PBOmKTTDIO loosvsaB* 

Det» KKan ... 1 ^1 18,236*8 | Natural petroieom inolud- 

ing natoral gaa. 

1 

Dora lanudl Khan . 

SxrLOEDro Lie 
1 

jBiraas. 

Rhinghar 

tiH 

ThaUinTeri 
toJMand 
Panolia and 
Ohoriaki in 
Kohat 
tahsiL 

Natural petroieom includ¬ 
ing natural gas. 
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Table 53. —Prospecting License and Mining Lease granted in the Punjab 

duritig the year 1929. 


1929. 


DisraioT. 


No. 


Area in 


aoree. 


Mineral. 


Peospecjtino Liosmse. 

.Tbelnm. I 11 96 | Coal. 

Mnmia Lkasx. 

Jkelom.. 1 i 94 I Coal. 
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On the Specific Gravity and Proximate Composition 
OF SOME INDIAN Durains. By L. LEIGH FERMOR, 
O.B.E., D.Sc., A.R.S.M., M.I.M.M., F.G.S., Off<,ciaMng 
Director, Geolo^al Survey of India. (With Plate 9.) 


contents. 


Page. 

I.—Introduction .......... 358 

U.—Tables of specific gravity and proximate analysis .... 360 

III. —Discussion of data ......... 366 

IV. —Summary.374 


I—introduction. 

I N a paper entitled ‘ On the Relationship between the Specific 
Gravity and Ash Contents of the Coals of Korea and Bokaro ; Coals 
as Colloid Systems the results are given of a study, by means 
of proximate analyses and specific gravity determinations, of two 
series of coals each ranging from vitrain at the low-ash end of the 
series to low-grade coals, and in one case (Bokaro) also to carbonaceous 
shales, at the high-ash end. The longer and more complete series 
of specimens—22 in number, represented by 30 analyses—from 
the Bokaro coalfield, range in specific gravity from 1'28 to 2*68, 
and in ash contents from 2‘3I per cent, to 87*41 per cent. A study 
of the data obtained shows that these coals and shales can be sorted 
into two series. 

Of these one series is a vitrcdn-durain series ranging from bright, 
through silky, to dull coals, with ash contents ranging in these 
specimens from 2 to 39 per cent., and with a linear relationship 
l^tween ash contents and specific gravity, the rule being 

d = 100 

in which a is the ash contents, g the corresponding specific gravity, 
and jfc the specific gravity of pure ash-free coal or vitrain. This 
linear relationship is interpreted as proving that this vitrain-durain 


> JBae. (?eol. Ind.^ LX, pp. 313-357, (1028). 
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series can be treated as a series of, susp^isoid colloid systems in 
which the vitrain acts as the diq^endon medium and the ash con¬ 
tents as the disperse phase (suspensoid), with the vegetable detritus 
contained in the durain as a second disperse phase (coarse suspen¬ 
sion). 

The other series is a vitrain-carbonaceous shale series ranging 
from shaly coals to coaly and carbonaceous shales, with ash con¬ 
tents ranging from 27 to 89 per cent. In this series the relation¬ 
ship between ash contents and specific gravity is not linear, and the 
data are interpreted as proving that the carbonaceous substances 
in this second series are the products of interlamination of vitrain 
and carbonaceous shale and that the carbonaceous shales themselves 
are mechanical mixtures of inorganic and organic matter (coarse 
suspensions), and not colloid systems. 

The practical value of the above work is that by using the equa¬ 
tion 

a = 100 {g—k) 

one can determine the ash contents a of a specimen in the field very 
simply and with reasonable accuracy by taking the specific gravity 
<7 with a Walker’s balance, provided one already knows the value 
of k, the specific gravity of ash-free vitrain for that field. This 
is previously determined by picking out from the bright bands of 
vitrain material as pure as possible and making a determination of 
the specific gravity and also a proximate analysis. The ash con¬ 
tents will probably prove to be only from about ^ to 4 per cent. 
The value of k is found by subtracting from the value of the specifics 
gravity as found 0-01 for each 1 per cent, of ash. The value of k 
for Bokaro determined in this way proved to be 1'26. 

As a preliminary investigation showed that the value of k varies 
from field to field, it became necessary to dej^ermine this constant 
for as many fields as possible, and this is done in a second pa]>er 
‘ On the Specific Gravity and Proximate Composition of some 
Indian Vitiains In this paper data are given for some 20 coal¬ 
fields and localities ranging from Barakar to Siwalik in age, and 
it is found that on the whole the value of k increases with the mois¬ 
ture contents, the lowest value of k being 1-230 with moisture 
contents of 1*66 per cent. (Lairangao, Assam), and the highest value 
1*382 with moisture contents of 16-10 per cent. (Siwalik, Kashmir), 

•Rec. Oeol, 8urv. Ind„ LXII, pp. 18e-23S, <1929). 
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the actual lowest and highest moistures being O’SS per cent. (t== 
1'268, Giridih) and 16*47 per cent. (A=1*362, Rajmahal). 

In the first paper it was shown that the ash-content acts as the 
disperse phase in the vitrain as dispersion medium; in this second 
paper it is shown that the vitrain itself is probably a colloid system 
analogous to a dry gel (in this case moisture-free vitrain) that has 
imbibed water (the moisture). 

Other interesting points concerning the behaviour and relation¬ 
ships of vitrains are brought out in the same paper, but it is un¬ 
necessary to refer to these now. 

Having studied first a vitrain-durain series from one field 
(Bokaro) and secondly vitrains from as many fields as possible, it 
seems desirable to complete the investigation by a study of selected 
specimens of durain from several coalfields. This is undertaken in 
the present paper. A series of specimens of dull coals—which happen 
all to be of Gondwana age—has been selected by me, and as before, 
the actual piece on which the specific gravity has been determined 
by use of the Walker^s balance has been utilised for the proximate 
analysis. As before, the analytical work has been carried out by 
Mahadeo Ram in the Laboratory of the Geological Survey of India. 


n.—TABLES OP SPECIFIC QRAVITY AND PROXIMATE ANALYSIS. 

The data obtained have been divided into two groups according 
to whether the specimens analysed proved strongly caking on the 
one hand (Table 1), or non-caking or but slightly caking on the 
other hand (Table 2). This subdivision also agrees with classifica¬ 
tion on a mo sture basis, for the caking coals in Table 1 range in 
moisture from 0*58 to 1*61 per cent, on an ash-free basis, whilst 
the non-caking or but feebly caking coals and carbonaceous shales 
in Table 2 range in moisture from 2*79 to 8*83 per cent. 

In these tables the proximate analysis and specific gravity {g) 
as returned by the analyst are given in columns 6 to 10. These 
are followed in columns 11 to 14 by data reduced to an ash-free 
basis. The specific gravity {g<^) on an ash-free basis is obtained by 
deducting 0*01 for e^ 1 per cent, of ash present from the specific 
gravity (g) as actually determined, as follows from the linear equa*r 
tdon ahr^y given (page 368). Thus ;— 

a 
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K these durains consisted ooiy of mineral matter in colloidal 
suspension as the disperse phase in vitrain as the dispersion medium, 
then the values of thus deduced should be the same as the values 
of k, the specific gravity of ash-free vitrain from the same fields. 
The difference in each case of k from zero is a measure of the 
deviation of the particular coal from the linear law as explained on 
page 324 et seq, of the first paper, and is shown in column 19 of 
each table. This deviation is a measure of the sum of three factors, 
namely, experimental error, the presence of vegetable debris (e.g. 
spores) in suspension, and abnormal composition of the mineral 
matter. 

In column 18 is given the description of the specimen. The 
names there given have been chosen after comparing the specimens 
with the two type series from the Korea and Bokaro coalfields dis¬ 
cussed in the first paper and listed in tables 1 and 2 on pp. 319 and 
323 thereof. 

All those described as silky coal or as greasy-lustred coal or shaU' 
coal may be regarded as true durains, the silky coals containing a 
higher proportion of vitrain, and a lower proportion of ash than 
the greasy-lustred coals. My original description of these types 
under the name of dull coaly before the terms durain and vitrain 
had been proposed, occurs in my ]>aper ‘ On the Geolog}" and Coal 
Resources of Korea State, Central Provinces’, Mem, Geol. Surv. 
Ind,y XLI, p. 181, (1914), and may usefully be quoted here:— 

* The dnU coal can only bo so called by comparison with the bright coaL It 
really has a distinct lustre varying from greasy to silky, and often shows as low a 
specific gravity as bright coal. Thus a dull greasy-looking simly coal from Kach- 
han Kundi Nola has a specific gravity as low as 1*36. As will be seen from the 
analysis in table 1, such coal is of high quality. Specimens of banded bright and 
dull ooal from seaniB 1 and 2, Karar Edioh (Kaoria Nala), show G=r35 and 1*38 
roapeotively. 

The dull ooal tends to possess a shaly structure and seems to gradate (see ana¬ 
lysis of K. 3, table 1, for an intermediate stage) into a stony coal-shale or shale- 
coal of very distinctive appearance. This is heav}’ (Gf = TW) with a grey-black 
colour, almost bluish in the sun, a greasy lustre and a conohoidal fracture ; the 
general appearance is that shown by some varieties of psilomelane, except for the 
fact that this ahale-coal is commonly thickly besprinkled with fragments of car¬ 
bonised v^etable matter, and that it often shows small stringers and veinJets of 
bright coal. It tends to fracture into slabby pieces, but the shaly structure is not 
well developed. I refer to it, however, as shale-coal in this report. Its oomposi- 
^on is well shown by the analysiB of D. 154 in table 1. 

In addition, any of the varieties of coal may show films of “ mineral charcoal ** 
or “ n^ther-of-ooal 

Q 
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Table 1,—Analyses and specific gravities of picked specimens 







Data M determined. 

Ootlfield. 

Locality or team. 

Field 

No. 

Bej^ster 

Date of 
analysis. 

Moisture. 

M. 

Volatile 

matter. 

V. 

Fixed 

carbon. 

a 

Jl%\l 

K, 

Speoiflo 

gravity. 

G. 






Per cent. 

Per cent. 

Per cent. 

Per cent. 


Bokaro . 

Seam 15, Sawang . 

F.176 

23966 

4.12*26 

0‘98 

2206 

87*60 

39*87 

1*65 

Jhoria 

Seam 17, Bbagaband 

Jh. 12 

N. 243 


080 

19*92 

88*49 


1*088 

Glridlh . 

Earharbarl seam 

.. 

N. 882 

Do. 

0*40 

22*56 

66*76 


1*484 

Jbarla 

Seam 8, New Jlnagora 

.. 

N. 237 

Do. 

0-54 

15*90 

43*52 


1*082 

Jtaniganj . 

.... 

Bb. 6 

N. 218 

Do. 

0*85 

21*76 

62*72 

24*68 

1*588 

Jharia 

Seam 0, S. S. W. of 
Farbad. 

•• 

N.258 

Do. 

0*86 

18*91 

88*72 

42*01 

1*731 

Wanldf « 

New Colliery . 

Af. 161 

•• 


1*00 

21*20 

68*98 

18*82 

1*403 


Table ^.—Analyses and specific gravity of picked specimens of durain 




Field 

No. 



Data as determined. 

CoalOeld. 

Locality or seam. 

Re^ster 





1 

SpedOo 

gravity. 

0 . 






Per cent. 

Per cent. 

Per emit. 

Per cent. 


Eoraa'A . 

Earmr Khob . 

E.2 

27*482 

18-1-13 

3*80 

22*28 

88*90 

84*96 

1*61 

Taloher . 

VlUlen’ property . 

.. 


8 * 4.30 

5*90 

84*42 

52*83 

6*85 

1*878 

S. Earanpura . 

Stone band, Argada 
Colliery. 

Kp.6 

N. 193 

6-1-28 

2*00 

23*90 

25*70 

48*40 

1*789 

Eurasia . 

Earar Ehoh . 

D. 154 

2«0I» 

4-5-13 

4*10 

19*10 

48*62 

88*28 

1*64 

Banlgan) . 

Bowla seam, Sonker • 
par Colliery. 

Br.22 


8-4-80 

4*27 

28*81 

38*18 

83*70 

1*045 

Jalntl 

Top team, Banakupl 
Colliery. 

•• 

N. 329 

Do. 

4*16 

26*00 

62*54 

17*80 

1*483 

S. Earanpnra • 

Stone band, Argada 
Cotliery. 

£p.6 

N.198 

Do. 

2*02 

22*66 

81*68 

48*62 

1*749 

Umarla 

' No. 8 p't 

.. 

H. 817 

Do. 

5*99 

21*86 

40*48 

82*17 

1*680 

S. Earanpnra . 

Lower aectton, Ir- 

gada. 

Ep.8 

N.195 

6-1-28 

1*77 

19*76 

20*92 

67*66 

1*968 

LDo. 

Da 

Ep.8 

N.196 

8-4-80 

1*42 

18*58 

24*99 

66*06 

1*940 

Da 1 

Upper aeotlon, 
gsda. 

Ep.6 

N.192 

Do. 

1*88 

81*62 

83*78 

82*72 

1*768 

Da 

Da 

Kp.6 

K. 192 

6-1^28 

2*08 

86*00 

28*89 

88*08 

1-764 
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of durain of Barakar age from 5 coalfields: caking coals. 


Data on uli'IrM btsli. 

Fuel- 




Devia¬ 

tions 

Spociflo 

gravity. 

Kolitare. 

Mt 

Volatile 

matter. 

v» 

Fixed 

carbon. 

Ox 

ratio. 

0 

V 

Galoor of 
ash. 

0 ^klng 
properties. 

Description of 
Bpeciraen. 

taken 

from 

Table 

6. 

1*260 

Per cent. 

1-61 

Per cent. 

36*87 

Per cent. 

62-02 

1*70 

Greyish white - 

Cakes strongly 

Dull grcasy*lu8tred 
coal 

Dull silky coal with 

0 

•276 

1-35 

33-65 


1*93 

Light cream . 

Do. 

0 

1>282 

0-68 

28-28 

71-14 

2-61 

Pinkish huff . 

Do. 

some vltrain. 

Silky coal with vit- 

+ 2 

1-282 

0-90 

26-52 

72-58 

2-74 

Wliite . 

Do. 

ridn lamlnoe. 

Dull silky coal with 

+1 

1-291 

1-18 

28-87 


1 2-42 

Do. 

Do. 

some vltrsin. 

Dull greasy-lmd-red 

+ 3 



32-61 


2-04 

Light cream . 

Do. 

coal with vitrain. 
Dull silky cool with 

+4 

1-325 

M6 

24-00 

74-24 

8 02 

White . 

Do. 

vitrain. 

Silky coal 

+ 5 


cf Barakar and Raniganj age from 6 coalfields: non-caking coals. 


Data on aah-irce basis. 

Fuel- 




Devia¬ 

tions 

Specirtc 

gravity. 

Ox 

Moisture. 

Volatile 

matter. 

V| 

• Fixed 
carbon. 
C| 

ratio. 

C 

T 

Colour of 
ash. 

Caking 

propertna. 

Description of 
specimen. 

taken 

from 

Table 

6 . 


Per cent. 

Per cent. 

Per cent. 






1-260 

5-84 

34*26 

60*90 

1-75 

Very light 

brown. 

Does not cake 

Greasy-lustrcd shale- 
coal. 

—4 

1-805 

6-83 

36*95 

66*72 

1-63 

Mars brown 

Cakes, but very 
r»oorly. 

Dull coal rich In 
fusaln. 


1-305 

3-87 

46-32 

49-81 

1-08 

Light cream . 

Do. 

Dull greasy-lustrcd 

1 oal approaching 
shale. 

•12 

1-307 

6-14 

28-63 

G5 - 2S 

2-81 

Brown . 

Does not cake . 

Greasy-liwtrc sdliaie- 
coal. 

■11 

1-307 

0-45 

43-52 

50-04 

1-15 

Light cream . 

Do. 

Dull greasy-lustred 
shale-coal. 

•13 

1-310 

5-08 

81*44 

63-58 

2*02 

Cream-buff 

Do. 

Greasv lustred shale- 
coal with fusaln. 

• 1-4 

1-318 

3-58 

40*23 

56*10 

1 

1*89 

Liglit cream . 

Oakes, but very 
' poorly. 

Dull greasy-lustrrd 
coal approaching 
shale. 

42 

1-868 

8 - S3 

81*49 

69*68 

1*80 

Do. 

Does not cako . 

Qreasy-lustred shale- 
coal. 

43 

1-377 

4*18 

46*53 

40*29 

1*06 

White . 

Does not cake, 
but sinters 
slightly. 

Carbonaceous shale 

49 

1-889 

81« 

41*28 

65*11 

1*85 

Do. 

Does not cake . 

Do. 

4-10 

1-481 

2*79 

47*00 

50-21 

1*07 

Isabella colour 

Does not cake, 
but sinters 
sligldly. 

Rather hackly gra¬ 
nular coal with 
• some vitrain. 

4 14 

1-484 

8-10 

68*76 

' 43-14 

0*80 

Light heliotrope 
purple. 

Cakes but noft 
strongly. 

Do. 

+ 14 * 


0 2 





















364 


Records of the Geological Survey of India. [ Vol. LXHI. 


The analysis of D. 164 referred to in the above quotation is 
included in Table 2 of this present paper. The dull coals and shale- 
coals, both silky and greasy-lustred, of the above quotation are 
what are now termed durain; the ‘ carbonised vegetable matter*, 

‘ mineral charcoal ’ and ‘ mother-of-coal * correspond to fusain ; and 
the bright coal to vitrain. 

All the specimens listed in Table 1 are true durains (with often 
some visible vitrain), as also all the specimens listed in Table 2 (with 
sometimes visible fusain and vitrain), except the last two, from 

Argada in the South Karanpura coalfield, each represented by two 
analyses. Specimen No. N. 195 is a carbonaceous shale by appear¬ 
ance and the high deviations (+9 and +10) given in column 19 

show that N. 196 is a mechanical mixture and not a suspensoid 
colloid system. Specimen N. 192 has a somewhat hackly fracture 
due to a granular structure. This specimen shows a still higher 

deviation (+14). The colour of the ash shows that the coal is 
ferruginous and the specimen is comparable with F. 141 from Bokaro 
which is a granular coal interpreted after analysis of the ash as a 
ferruginous coal of durain with vitrain, also with a high deviation 
(+8 to +11).^ The South Karanpura specimen N. 192 may thus 
be regarded as ferruginous durain (with visible vitrain), but on 
account of the presumed abnormal composition of the ash as indi¬ 
cated by the high deviation it vdll be eliminated from further dis¬ 
cussion as a typical durain, as also will N. 195 of carbonaceous shale. 

To show the relationship between specific gravity and ash con¬ 
tents the data to be discussed have been plotted in two graphs on Plate 
9, one (figure 1) representing the caking durains of Table 1, and 
the other (figure 2) the non-caking durains of Table 2. As 
might be anticipated the spots representing the various analyses 
are much more irregularly scattered than in the comparable graph 
illustrating the Kurasia and Bokaro series in the first paper (JKw. 
Oeel . Surv . Ind,, LX, Plate 26): for these analyses represent coals 
from several different coalfields, each with its own value of ifc. 
However, on each plate a line has been drawn representing an aver¬ 
age value of k for the particular class of coal, the figure adopted 
for the c iking coals being L27, and that for the non-caking coals 
bring 1*30. As in Bokaro (see the plate referred to) the spots represent¬ 
ing the grsnular coal (N. 192) of South Karanpura would lie well 
above the line corresponding to a colloidal suspension of ash in vitrain, 

- iSse, Oe(d. Burv, Ini >9 LX, pp. 322, 336 (1928). 
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as also would the spots representing the carbonaceous shales (N. 195) 
of South Karanpura, the position of the spots supporting the view 
that the carbonaceous shale is a coarse suspension (mechanical 
mixture) and not a colloid system (suspensoid). The data for N. 192 
and N. 195 are, howe\rer, not shown in Plate 9. 

Ill,—DISCUSSION OF DATA. 

In Tables 1 and 2 the analyses are arranged in order of specific 
gravity on an ash-free basis, and not in order of the actual specific 

gravity of the specimens as determined. The ash content of durain 

is, however, an essential portion of the coal and consequently if 
one wishes to form an idea of the composition of durain, one must 

utilise the data as determined. In the following table the caking 

durains are arranged in order of ash contents. 

Table 3. —Caking durains. 


Co&iaeld. 

Roglstcr No. 

Moisture. 

M. 

Volatile 

matter. 

V. 

Fixed 

carbon. 

C. 

Aeh. 

A. 

Specific 

gravity. 

G. 

Fuel- 
rat low 

0 

v 



Per cent. 

Per c4?nt. 

Per cent. 

Per cent. 



1. Wmnkle 

Af. 151* 

100 

21-20 


18-82 

1-463 

3-01 

2 . Girldlh 

N.33J 

040 

22-56 

56-75 

20-23 

1-484 

2-51 

$. EaniganJ 

N, 218 

0S5 

21-75 

52-72 

24-68 

1-538 

2-42 

4. Bokaro 

23906 

01)8 

22 05 


89-37 

1-C6 

1-70 

5. Jharia 

N. 237 

0-54 

1500 

43-52 

40-04 

1-682 

2-74 

A. Jharla 

N. 243 

0-80 

19-92 

38-49 

40-79 

1-683 

1-93 

7. Jharia 

N. 253 

0-30 1 

1891 

38-72 

42-01 

1-781 

2-04 


Average of 

2 to 7 

007 

20-18 

44-03 

34-52 

1-628 

2-21 


• Fi Id No. 


The following table shows the non-ciiking durains (excluding the 
granular durain and the carbonaceous shale from South Karanpura) 
arranged in order of ash contents:— 

Table 4. — Non-caking durains. 


— 

Register No. 

Hoist uie. 

M. 

Volatile 

matter. 

V. 

VKeU 

carbon. 

C. 

Ash. 

A. 

Specific 

gravity. 

G. 

Fuel- 
rat a 

C 

T 

1 . Talcher 

N. 330 

Per cent. 
6-90 

per cent. 
34-42 

I'er' ent. 
52-83 

Per cent. 

6-85 

1-373 

1-68 

2. Jainti 

N. 389 

4-16 

26-00 

52 54 

17-80 

1-483 

2*02 

3. Umari* 

N. 387 

5-99 

21-36 

40-48 

32-17 

1-680 

1-89 

4. KutmU 

20-639 i 

4-10 

19-10 

43-.52 

33-28 

1-64 

8-81 

6 . lUnlgaoJ 

N. 229 ! 

4-27 

28-81 

33-13 

S3 79 

1-645 

I’lS 

6 . KurMia 

27-432 1 

8-80 

22-28 

88-96 

84-96 

1-61 

1-76 

7. 8. Karanpura 

N. 193 

2-02 

22-68 


43-02 

1-749 

1-89 

8 . 8. Karanpura 

N. 193 

2-00 


25-70 

48-40 

1-789 

1-08 


Average of I 
2to3 

8-76 

23-45 

38-00 

84-70 

1-G5C 

1-62 
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In Table 3 the average composition of caking durain is obtained 
by averaging analyses 2 to 7, the Wankie analysis being excluded as 
not Indian. Whilst in Table 4 the average composition of non¬ 
caking durain is obtained by omitting the Talcher analysis, really 
because the Talcher specimen was exceedingly rich in fusain. The 
averages for caking and non-caking durains are compared below;— 


1 

Caking 

durain. 

Non-caking 

durain. 








Tor cent. 

Per cent. 

Moisture 

• 

• 

• 

• 

• 

• 

0*67 

3*76 

Volatile matter « 

• 

• 

• 

• 

• 

• 

20*18 

23*45 

Fixed carbon 

• 

• 

• 

• 

• 

• 

44*02 

38-00 

Ash 

• 

• 

• 

• 

• 

• 

34*52 

34-70 

•Specific gravity 

• 

• 

- 

• 

• 

• 

1*628 

2-668 

Fuel-ratio 

• 

• 


• 

• 

• 

2*21 

1-62 


It will be noticed that the caking durains have lower moisture 
and higher fixed carbon than the non-caking ones, whilst the volatile 
matter, ash and specific gravity are closely similar. The fuel- 
ratio of the caking durains is substantially higher than that of the 
non-caking durains. These average analyses may be compared with 
the actual analyses of dull grcasy-lustred coals or durain shown in 
Table 6, Rec. Oeol. Surv. India, LX, p. 340. 

If .we deduce the specific gravity on an ash-free basis of these two 
average durains by using the equation 

we find that is 1-283 for the caking durains, and 1*308 for the 
non-oaking durains. These figures have to be compared with the 
corresponding average values of h deduced from the corresponding 
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vitrains, which are 1*267 for the caking vitrains and 1*298 for the 
non-caking vitrains, showing a deviation of +1 the nearest unit 
— 0 01) in both cases. 

The above data illustrate the composition of durain. 

It is now desirable to consider the point that, in accordance 
with the first paper, durain is a colloid system in which vitrain acts 
as the dispersion medium to the ash contents as the disperse phase 
(suspensoid) with vegetable detritus as a second disperse phase 
(coarse suspension). It will be of interest to see whether when the 
analytical data are calculated to an ash-free basis the composition 
as thus deduced bears any close relation to the composition of the 
corresponding vitrains. We can hardly expect any close corres¬ 
pondence between the composition of a particular ash-free dirain 
and the vitrain of the same field, and we shall probably find it 
desirable to compare the average data for ash-free durains with the 
average data for ash-free vitrains, averaging the data, as before, 
in two sets corresponding to the caking and non-caldng durains 
respectively. 

It is necessary first, however, to compare the ash-free durains 
field by field with the data for the corresponding ash-free 
vitrains. This is done in Tables 5 and 6. 

If we now study the data for the caking durains and correspond¬ 
ing vitrain given in Table 5, we notice the following points:— 

(1) Each durain has lower moisture contents than the corres¬ 

ponding vitrain. 

(2) The volatile matter of durain is sometimes higher and some¬ 

times lower than the volatile matter of the corresponding 
vitrain. 

(3) The fixed carbon of durain is sometimes lower but usually 

higher than the fixed carbon of the corresponding vitrain. 

(4) It follows from (2) and (3) that the fuel-ratio is sometimes 

lower and sometimes higher than the fuel-ratio of the 
corresponding vitrain. 

(6) The specific gravity of durain is in two cases the same and in 
the remaining cases higher than the specific gravity of 
the corresponding vitrain. Considering only two places of 
decimals, the deviation varies from 0 to -f-5. 
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Tabij: 5 . —Comparison of caking durains and 



DiTBAIlf. 1 

coalfield. 

. 

Register 

No. 

Moisture. 

M. 

Volatile 

matter. 

V. 

Fixed 

carbon. 

C. 

Fuel- 

ratio. 

C 

V 

Specific 

gravity. 

G. 

Specific 

gravity 

deviation. 

Fuel- 

ratio 

devia¬ 

tion. 



Per cent. 

Per cent. 

Per cent. 





1. Bokaro . 

23>Oe0 

1-01 

38-37 

62-02 

1-70 

1-266 

0 

—0-67 

2 . Jharla 

N. 243 

1*35 

33-65 

65-00 

1-93 

1-275 

0 

-O-lfi 

S. Girldlh . 

N. 832 

0-68 

28-28 

71-14 

2-51 

1-282 

+ 2 

+ 0-80 

4. Jharla 

N. 237 

0‘lM) 

26-52 

72-58 

2-74 

1-282 

-fl 

+0-66 

5. RanlganJ B 

N. 218 

1-13 

28-87 

70-00 

2-42 

1-891 

+8 

+0-45 

0 . Jharla 

N. 253 

0-62 

32-61 

66-77 

2 06 

1-811 


-0-05 

7. Wanklo , 

Af. •ISl 

1-10 

24-60 

74-24 

3-02 

1-325 

+ 5 

•• 


Average^ 
of 1 to 

0 

103 

81-05 

67-92 

2-19 

1-283 

+ 2(1-67) 

+ 0-18 


• Ko. 7 Is omitted from the average, because It Is not an Indian coal. 


Table 6. —Comparison of non-coking durains and 





Dunaiif. 





Ooalfltld. 

Buster 

Moisture. 

M, 

Volatile 

matter. 

V. 

Fixed 

carbon. 

C. 

Fuel- 

ratio. 

r 

“v 

Specific 

gravity. 

0 . 

Specific 

gravity 

devia¬ 

tion. 

Fuel- 

ratlo 

devia¬ 

tion. 



Per cent. 

Per cent. 

Per cent. 





1. Eurasia 

27-482 

6-84 

84-26 

69-90 

1-76 

1-260 

—4 

—0-26 

2. Talcher 

N. 880 

6-88 

86-96 

66-72 

1-63 

1-805 

->2 

+0-85 

8 . 8. Karanpura 

N. 198 

3-87 

46-32 

49-81 

1-08 

1-805 

+2 

^•68 

4. Eurasia 

26-639 

6-14 

28-63 

65-28 

2 31 

1-807 

+ 1 

+0-81 

5. Banlganj K . 

N. 229 

6-45 

48-62 

60-04 

M6 

1-807 

+3 

-0*22 

6 . Jalntl 

N. 820 

6-03 

81*44 

63-68 

2-02 

1-810 

+4 

+0-20 

7. 8. Earanpura 

K. 198 

8-68 

4(^28 

66-10 

1*39 

1-818 

+2 

—0 82 

8 . Umarla 

K. 827 

8-88 

81-40 

69-68 

1*89 

1-868 

■18 

+0-24 


Average^ 
of 1 and 8 
to 8 

6-68 

86-66 

67-77 

1-68 

1-806 

-2(1-67) 

-0-10 


• Ko 2 li omlttad from the danin avemfle becatue the ipecimen contained a high percentage of 
fnaatn* 
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corresponding viirains on an ashfree basis. 


1 VlTRAlN. 

Moisture. 

M. 

Volatile 

matler. 

V. 

Fixed 

carbon. 

C . 

Fuel- 

ratio. 

C’ 

V 

^ Specific 

gravity. 

E . 

P(^r cent. 

Per cent. 

Per cent. 



1*87 

2018 

68 95 

2-37 

1-269 

1 - C3 

82-26 

66-12 

2-09 

, 1-275 

0-85 

80 68 

62-67 

1-71 

1 1-258 

1-63 

82 26 

66-12 

2-09 

1-275 

1*38 

38-34 

66-28 

1-97 

' 1-200 

1*63 

32 25 

66-12 

2-09 

* 1-276 

1*09 

30-99 

61 02 

1-07 

1 1-272 

1-50 

82-64 

1 

65-86 j 

j 2-01 

1-267 


corresponding viirains on an ashfree basis. 


vmunt . 

Moleture. 

M. 

VolatDc 

Fixed 

Pnel- 

ratio. 

Spedflc 

matter. 

carbon. 

r 

gravity. 

v. 

c 

V 

E . 

Per cent. 

Per cent. 

Per cent. 



11-45 

29-50 

59-05 

2-00 

1-299 

15-17 

38-81 

46-02 

1-18 

1-323 

6 37 

34 50 

59-13 

1-71 

1-289 

11-45 

29 50 

59-05 

2-00 

1-299 

0*70 

39 33 

53-97 

! 1-87 

1-277 

2-47 ! 

34-51 

63-02 

1-82 

1-273 

6-87 

34-50 

59-13 

j 1-71 

1-289 

16-72 

81-84 

52-44 1 

[ 1-65 

1-382 

9*46 

j 84-07 

5647 

1 

1-68 

1-298 
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The average figures for the caking durains and corresponding 
vitrains are compared below:— 









Average 
ash-free caking 
durain. 

Average 

ash-free 

vitrain. 








Moisture 







Per cent. 
1-03 

Per cent. 
1*50 

Volatile matter 

. 






31-05 

32-64 

Fixed carbon 

• 






67-92 

65-86 

Fuel-ratio 

. 






2-19 

2-01 

Specific gravity 

• 






1*286 

1-267 


When one considers the experimental errors inherent in the 
methods of proximate analysis, especially the diflSculty of main¬ 
taining a uniform separation of volatile matter and fixed carbon, 
one sees that the average caking durain when calculated to an ash¬ 
free basis has substantially the same composition as the correspond¬ 
ing vitrain. This affords strong support to the conclusion arrived 
at in the first paper that durain is a colloid system with mineral 
matter as the disperse phase in vitrain as the dispersion medium. 
The only two significant differences in the two sets of average figures 
above are in the moistmre and the specific gravity. The fact that 
the average specific gravity of durain is 0-02 Mgher than the average 
specific gravity of the corresponding vitrains means one of two things, 
either the ash contents of the durains examined are of abnormal 
composition due, for example, to high iron contents, or there is 
some other constituent of chemical composition close to that of 
vitrain but higher specific gravity in the vitrain. Reference to 
Table 1 will show that the colour of the ash of all the durains listed 
there is pale, so that it seems more likely that this average devia¬ 
tion of -|-2 is due to some additional constituent. It has already 
been admitted that durain, in addition to vitrain and the ash con¬ 
tents as a disperse phase, probably carries vegetable detritus (e.^. 
spores) in coarse suspension, and we see that we may now ascribe 
this average deviation of -|-2 (ranging from 0 to -|-6) with some 
probability to suspended vegetable detritus of higher specific gravity 
than the vitrain. If we are entitled to assume that the inclusion 
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of disperse phases ia the vitram has not afiected the amount of mois¬ 
ture in the vitrain, and also that the enclosed vegetable detritus 
is devoid of moisture, then the amount of moisture in the ash-free 
durain gives a measure of the proportions of vitram and vegetable 
detritus making up this ash-free vitrain. Two parts of vitrain to 
roughly one part of vegetable detritus (i.e. 33 per cent, of vegetable 
detritus) would reduce the average moisture from 1*60 to 1*03. 
Such a conclusion depends also on the assumption that none of the 
moisture is associated with the mineral matter. 

If we next study the data for the non-caking durains and 
corresponding vitrains given in Table 6, we notice the follow¬ 
ing points:— 

(1) With one exception each durain has lower moisture contents 

than the corresponding vitrain. The cause of the ex¬ 
ception—Jainti—is unknown. 

(2) As with the caking durains, the volatile matter of non¬ 

caking durain is sometimes higher and sometimes lower 
than the volatile matter of the corresponding vitrain. 

(3) As with the caking durains the fixed carbon of non-caking 

durain is sometimes lower and sometimes higher than 
the volatile matter of the corresponding vitrain. 

(4) As before, it follows from (2) and (3) that the fuel-ratio is 

sometimes lower and sometimes higher than the fuel- 
ratio of the corresponding vitrain. 

(5) With two exceptions the specific gravity of the non-caking 

durains is higher than that of the corresponding vitrain. 

The average figures for the non-caking durains and correspond¬ 
ing vitrains are compared below ;— 


j 

Average 

adh-free 

noD-cakiiig 

durain. 

Average 

aah-^frci' 

vitrain. 

Muinture • 


a a 


a 



l^er cent, 
o-es 

i’er ct^nt. 
y*4(j 

Volatile matter 

• 

• • 


a 

. 

• 


54*07 

Fixed carbon 

a 

• a 



• 

• 

57*77 

50*47 

Fuel-ratio 

• 




* 

• 

1-58 

1-68 

bipeoitic gravity 

a 

• 



• 

• 

1-308 

1*308 
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As with the caking dnrains we see that the average non-oaking 
dtrrain when calculated to an ash-free basis has substantially the 
same composition as the corresponding average vitrain, the only 
significant differences as before being lower moisture in the durain, 
but an average specific gravity higher than for the corresponding 
vitredn. The interpretation of these differences is presumably the 
same as with the caking durains, and if the lower moisture of the 
durain were an index of the proportion of vegetable matter in coarse 
suspension, then the proportion would be 3 parts of vitrain to 2 
parts of suspended vegetable matter, i.e. 40 per cent, of vegetable 
detritus. 


It is instructive also to compare the average figures for caking 
durains with the average figures for non-caking durains as follows:— 


— 

Average 

caking 

durain. 

Average 

non-oaldng 

durain. 








Per cent. 

Per cent. 

Moisture 

• 


• 

• 



1-03 

5*68 

Volatile matter 

. 


. 

. 



31-06 

36*56 

Fixed carbon 

• 


• 

• 



67-92 

57*77 

Fuel-ratio 

. 



. 



2-19 

1*58 

Specific gravity 

• 


• 

• 



1*286 

1*309 


From this we see that the caking durains show lower moisture, 
volatile matter and specific gravity and higher fixed carbon and fuel 
ratios than the con-caking durains. A reference to Table 7 on p. 
202 of the second paper {Rec. Oeol. Surv, Ind.y LXII) will show 
that these differences between caking and non-caking durains are 
parallel to the differences between caking and non-caking vitrains. 

In comparing above the data for vitrains with the data for 
durains, arranged into two groups—caking and non-caking—I have 
been very careful to speak of the corresponding vitrain rather than 
of caking and non-caking vitrains. This is because the division 
between caking and non-caking vitrains on an ash-free basis does 
not correspond exactly with that between caking and non-caking 
durains on the same basis. Thus whilst all the vitrains correspond¬ 
ing to the strongly caking durains of Table 1 are also strongly oak- 
ing» aU the vikaias corresponding to the non-caking (or but sHghtly 
















Pabt 3.] Pjbrmor : Density and Composition of Indian Durains, 373 


caking) durains of Table 2 are not non>caking (or but slightly cak< 
ing). Thus of the vitrains shown in Table 6 for comparison with 
non-caldng vitrains, the caking properties are as follows:— 



Moisture. 

Taking properties. 

1. Karasia. 

Per cent 
11*46 

Does not cake or sinters 

2. Talcher ...... 

16*17 

slightly. 

Cakes very poorly. 

3. South Karanpora. 

6*37 

Cakes strongly. 

4. Raniganj. 

6*70 

Cakes strongly. 

5. Jainti 

2*47 ' 

1 

Cakes strongly. 

6. Umaria * • • « . • | 

16*72 

Does not cake. 


This means that in vitrain the upper limit of moisture for strong¬ 
ly caking properties is higher (> 6 per cent.) than with durains. 
From this we may deduce that apart from the effect of changes in 
the ratio of volatile matter to fixed carbon, there are two very 
important factors that may spoil the caking properties of a coal: 
one is hydration and the other is dilution by ‘ ash contents But 
if the moisture is very low, then no amount of ash consistent with 
the substance being still a coal {i.e, >50 per cent, ash) will destroy 
the caking properties. 

Since the libove was written. Dr. Fox has kindly supplied me 
vith two analysCvS- one of durain and one of vitraiji—from the Johilla 
river in the Sohagpur Coalfield, Rewa State, Centr.d India. The 
analyses are as follows :— 



Durain. 

Vitrain. 

Moisture ........ 

Per cent. 
6*94 

Per cent. 
16-76 

Volatile matter. 

24-19 

34-06 

Fixed carbon. 

36*63 

44-76 

Ash. 

33-24 

4-42 

Spadfio gravity. 

J-643 

1-424 

Caking properties. 

Sinters slightly 

Does not cake. 

Colour of ash. 

C^m buff . 

Isabella. 
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Eeduoed to an ash-free basis the results are as follows:— 



Durain. 

Vitrain. 





Per cent. 

Per cent. 

Moisture . . . , 


. 


10*39 

17*53 

Volatile matter 

• • 

. 


36*25 

36*64 

Fixed carbon 

• 

• 


63*36 

46*83 

Specific gravity . 

, , 

, 


1*380 

1*332 

Fuel ratio . . . . 

• 

• 


1*47 

1*65 

Deviation . . . , 

• 

• 


-fS 

** 


The similarity of this Johilla river durain in ash contents and 
specific gravity to those from Kurasia and Raniganj (Nos. 4, 5 and 
6) shown in Table 4 is very striking. The differences in composi¬ 
tion, specific gravity and fuel-ratio between this duiain-vitrain pair 
are in the same direction as in the durain-vitrain average figures 
given on page 371. 

These figures have been received too late to bo incorporated in 
the preceding tables, but the durain finds its place m the diagram 
forming figure 2 on Plate 9. 


V_SUMMARY. 

1. In a previous paper it was shown that in two seta of coals 
of the vitrain-durain series, obtained respectively from the Kurasia 
and Bokaro coalfields, the relationship between 8i)ecific gravity and 
ash contents of any specimen is expressed by the rule 

a = 100 ig-k), 

in which a is the asfi contents, g the specific gravity of the specimen, 
and k the qieoific gravity of ash-free coal (t.e. pure vitrain) for the 
field. 

2. In a second paper a study is made of vitrain from 20 coal¬ 
fields and localities ranging in age from Barakar to Siwalik, the 
data obtained being compared, after reduction to an ash-free basis, 
with the aid of the rule in paragraph 1 above, 
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3. This study showed that in the vitrains examined moisture 
increases with specific gravity, and that most vitrains cake if they 
contain less than 9 to 10 p^r cent, of moisture, and do not cake with 
moisture in excess of this figure. 

4. The volatile matter was found to increase with the specific 
gravity in some series of vitrains, and to decrease in other series, 
whilst the fixed carbon varies in the inverse manner to the volatile 
matter. There is no correlation between caking properties and 
either volatile matter, fixed carbon, or fuel-ratio. 

6. In the first paper it was shown that durain must be regarded 
as a colloid system in which there are two disperse phases, namely 
ash contents (suspensoid) and vegetable detritus (coarse suspension), 
in vitrain as the dispersion medium. 

6. In the second paper the conclusion was drawn that in vitrains 
we are dealing with systems in which the relationship of moisture to 
moisture-free vitrain is a colloidal relationship comparable with 
that between the water imbibed by a dry gel (e.g. casein) and the 
dry gel itself. 

7. In the third paper, the present one, a study is made of picked 
specimens of silky and dull (greasy-lustred) coals from 10 coalfields 
(9 Indian and one South Rhodesian) all of Gondwana age. The 
data of specific gravitv and proximate analyses are arranged into 
two tables according to whether the coal proved strongly caking or 
non-caking (including poorly caking coals). 

8. A comparison of the average data for caking durains with 
average data for non-caking durains shows that the caking durains 
have lower moisture and volatile matter, higher fixed carbon and 
fuel-ratios and almost identical ash contents. As with the vitrains 
the higher moisture of the non-caking durains is aocompauied by a 
higher specific gravity. The data are as follows:— 


Caking Non-caking 

durain. durain. 


Par cent. Per cent. 

Moisture. 0-67 3*76 

Volatile matter. 20*18 23*46 

Fixed carbon. 44*63 38*00 


fiJLou owuun ..••••. ao*uu 

Ash . 34*52 34*79 


Specific gravity. 1*628 1*666 

IP^el-ratio 2*21 1«62 
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9. A oomparison is also made, with figures both analytical and 
of specific gravity reduced to an ash-free basis, of each durain with 
its corresponding vitrain. If the conclusion of the first paper be 
correct (see paragraph I above), then the composition of ash-free 
durain should be that of the vitrain of the same locality except 
in so far as the durain carries suspended vegetable matter the com¬ 
position of which might differ substantially from that of the con¬ 
taining dispersion medium of vitrain. The following data compar¬ 
ing the average composition on an ash-free basis of the caking durains 
from 6 coalfields with the average composition of the correspond¬ 
ing vitrains is therefore of great interest:— 









1 

Average 
ash-free oakifig 
durain. 

Average 

ash-free 

vitrain. 








Moisture 


• 





Per cent. 

1-08 

Per oont, 
1-60 

Volatile matter 


• 

. 

. 

• 


31-06 

32-64 

Fixed oarbon 



. 

. 

. 

• 

67-92 

66-86 

Fuel-ratio 



. 


. 


2-19 

2-01 

Spedfio gravity 



• 

• 

• 


1-286 

1-267 


They appear to afford very strong support to the conclusion of 
the first paper set out in paragraph 1 above. 

10. The similar data for the ash-free non-caking durains from 7 
coalfields and the corresponding vitrains are compared below:— 


— 

Average 

ash-free 

Aon-oaking 

durain. 

Average 

ash-free 

vitrain. 

Moisture. 

Percent. 

6-68 

Per cent. 
9^ 

VeMtoBMtter. 

36-56 

34-07 

Fixed eerbon. 

57-77 

56-47 

Fod-taMo. 

1-68 

1*68 

SpMiie gravity. 

1-809 

1*296 
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These data also afEord strong support to the conclusion of the first 
paper set out in paragraph 1 above. 

11. The fact that the ash-free durain (including the suspended 
vegetable detritus) has a composition so close to that of the corre¬ 
sponding vitrain seems to indicate that for the purpose of proximate 
analysis this suspended vegetable matter itself must have a composi¬ 
tion very close to that of the vitrain 

12. The most important respect in which these twe average ash¬ 
free durains differ from the corresponding average vitrains is in 
the somewhat higher specific gravity^ equivalent to a content of 
2 per cent, of ash in the caking durains and of 1 per cent, of ash in 
the non-caking durains. The explanation of this is not known: 
but it is suggested that it is due to the effect on the specific gravity 
of the vegetable detritus in suspension having a higher specific 
gravity than the vitrain. 

13. The result of this study is to confirm the conclusion of the 
first paper, namely that durain is a colloid system in which vitrain 
plays the role of the dispersion medium and the ash contents the 
role of the disperse phase (suspensoid), whilst the vegetable detritus 
may be regarded as a second disperse phase (coarse suspension). 


H 
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DIAGRAMS SHOWING 8PE0IFI0 GRAVITY AND ASH CONTENTS OF GONDWANA DURAIN8. 

In stoh diagram the upper line repreeente the average poiition of the points plotted, whilst the 
lower line represents the position as it would be if the origin were the point representing the speoifio 
gravity of the average of the corresponding ash-free vitrains. 
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INTRODUCTION. 

f ’HE following diaoussion of two important aspects of modem 

1 oilfield practice is based on five months’ study leave 
spent in the United States of America, from June to November, 
1928. During that period the principal oilfields in the Mid-Con¬ 
tinent, Wyoming, California, and West Texas areas were visited, 
and in addition to studying drilling and production problmns in 
these areas I enjoyed the privilege of discussing them with a great 
number of American engineers and technologists. I have also 
drawn freely on the great wealth of published literature on these 
subjects in the United States. The sources of information being 
so numerous and diverse it has not been practicable, in the text, 
to give detailed references to them, and such refwenoes have only 
been given where any particular work has been ^>ecificaUy quoted. 
It is, however, my desire to place on record my appreciation of 
the most generous co-operation I received from Amerkan engi¬ 
neers and tedmologists and more particularly from the officers of 
the United States Bureau of Mines, my association with whom was 
tik meet pcofitalde of my experknoes in the United States, 
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Problems connected with the winning of oil, fall naturallj under 
two headings; the drilling and completion of wells, and methods 
of production. The most important advance of the past decade 
in the technique of driUmg is the elaboration of the rotary system 
and the consequent modification of casing policies, which consti¬ 
tutes one of its principal advantages; while a realisation of the 
function of gas in the recovery of oil, leading to the evolution of 
production methods that promote the utilisation and conservation 
of gas, is the outstanding achievement of production engineering. 
These subjects are discussed under the headings ' Rotary Practice ’ 
and * Recovery ’ respectively. My aim in these sections has been 
to summarise as far as possible existing knowledge on these subjects, 
to outline the extent to which this knowledge is successfully applied 
in the United States of America, and to discuss the possibilities of 
its successful application in Burma. 


ROTARY PRACTICa 

The principal advantages and disadvantages of the rotary, as 
compared with the cable-tool system, are dependent on the continu¬ 
ous circulation of mud-laden fluid during rotary drilling. This 
mud fluid performs three essential fimctions during the drilling of 
the well:— 

(1) It carries the * cuttings ’ (i.e., the comminuted ^fragments of 

rock) to the surface. 

(2) It keeps the hole open without the immediate use of casing. 

(3) It cools the drilling bit. 

An incidental, but an extremely important function, is its ability 
to seal up porous formations through which the tools are drilling. 

The advantages of the rotary system are dependent on the second 
of the essential functions of mud fluid enumerated above and upon 
its incidental function in sealing up the porous 
Rotary c®!!! formations through which. the bit is drilling, 

fnf.^ ® Essential function No. 2 results, particularly in 

soft incoherent deposits (the * cavey forma¬ 
tion ’ of drillers), in much greater rapidity of drilling than is possi¬ 
ble with standmd ‘ tools and also contributes to a great saving of 
pipe. 

The greater progress made in rotary drill holes is due to two 
oatuies, ^e quicker excavation of the formation by rotary tools, 

B 2 
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and the ability to drill without immediately lining the hole. When 
drilling with cable tools in soft incoherent formations it is necessary 
to insert and lower casing after dr illing every additional few feet of 
hole; whereas, owing to ^e plastering effect of mud fluid in rotary 
drill holes, and to the pressure of the column of fluid, both of which 
prevent the walls of the hole from caving in, it is usually possible to 
drill as much as 3,000 feet of hole without inserting casing. 

In cable-tool holes also, the caving of the formation frequently 
results in the ‘ freezing ’ of the pipe, making it impossible to lower 
this casing to the desired depth. It is then necessary to insert a 
smaller string of casing inside the ‘ frozen ’ string and to proceed 
with the restricted hole. Bepetitiou of this process rapidly results 
in so reducing the diameter of the hole that it may be impossible 
to carry a cable-tool hole to the required depth. In rotary practice, 
however, the only limitation on the depth to which a string of pipe 
can be carried is the collapsing strength of the pipe, and it is this 
ability to ‘ land ’ long strings of large-diameter pipe, even more than 
the financial saving in the cost of pipe, that is the principal advan¬ 
tage of the rotary system. This point is of particular advantage where 
the depth to the producing formation is considerable. Where the 
upper formations are unproductive a large hole can be drilled rapidly 
and cheaply to the isolation point by using the rotary system, from 
which point it can be continued by rotary or standard tools as cir- 
oumstances dictate. Under these conditions of depth the use of the 
rotary system is clearly indicated. 

It is frequently desired, however, to drill through shallow pro¬ 
ducing zones for deeper production. In such cases all principles 
poHdet in conservation demand that the primary con- 
cafck and roU^ tool sideration shall be adequate protection of {he 
upper producing sands from fluid migration. In 
the past, the principal, and frequortly the only consideration, has 
been the protection of oil-producing sands from water. In cable- 
tod practice this protection is effected by ‘ landiiig' and cementing 
a string of casing, called * the water stiing ’, above the first pro¬ 
ductive horizon. The hole is thm continued, with a new and 
smaller stiing of pipe, until the next water-producing horizon is 
apiooaohed. Thb smaller string is in turn cemented to protect 
the producing horizons, between the ‘ water string ’ and the new 
water sand, from the upward migration of water. The hole is 
then][agam o(mtinoed with a smaller string of casing, wbkb is in 
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tum oemeated above the next oil-producing horizon^ A still smaller 
string of casing is then inserted and carried through barren and 
oil-producing sa^ until it is again necessary to protect such sands 
from the influx of water from below. This process is repeated till 
the desired depth is reached or until the continued restriction of 
the size .of the hole so reduces the diameter that drilling becomes 
impracticable or the hole inadequate for production. Where a 
large number of producing horizons interspersed with water sands 
exist the point is soon reached when the hole become too small, 
and this fact, together with the cost of so many strings of pipe, 
has been regarded as the principal disadvantage of the cable-tool 
system. It is now realised, however, that, even with a rigorous 
observance of this casing policy, the resulting conditions are not 
ideal. In a completed well, conditions can be considered ideal 
only when the fluid content (be it oil, water or gas) of every 
sand, other than that from which fluid oil is to be taken, is 
isolated within the sand in which it originates. In modern cable- 
tool practice, attempts are frequently made to achieve this isolation 
by placing a continuoua column of cement behind the pipe; such 
cementation being efiected with or without preliminary ‘ mudding *. 
In other instances, notably in the Tonkawa and Garber flelds of 
Oklahoma, a column of mud fluid is maintained behind the casing 
in cable-tool holes and this practice is believed by many autho¬ 
rities to be efiective in preventing fluid migration behind the 
pipe. 

It is doubtful if the operation of * back cementation ’ in cable- 
tool holes is invariably or usually successful, particularly in in¬ 
coherent formations and depleted fields. For this reason, ' back 
cementation ’ in cable-tool wells, unless the hole is previously mudded, 
is frequently combined with, instead of substituted for, the com¬ 
prehensive casing policy outlined above. In rotary drill holes, 
however, the sealing action of the mud fluid during drilling, oom- 
bined with the greater resultant success of * back cementation ’, 
are believed to be effective in preventing fluid migration behind 
the casing. Mud fluid and cement, therefore, are largely used in 
rotary drill holes, as alternatives to casing, for the protection of 
upper producing horizons, thus making it ])ermissible to ^ land 
long strings of large-diameter pipe above deep producing horizons, 
even when the latter are overlain by several higher producing 
The extent to which this practioe is followed and, to which 
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it is believed to be suooessfal, in vaiions American fields is dis¬ 
cussed below. 

There are a remarkable number of oil-producing sands in the 
Tonkawa and Garber fields and this has led to a system of multiple 

' rirl nft ir n poldM hi locations. Productive sands of varying 

theTenktwaandSfter thickness occur between depths of 900 to 4,260 
field*, (Ndaboma. gjij mg tabulated for both fields below :— 


Producing sands «a the Qather fidd} 




Bepth. 


ThiokiMM. 

^ Pfodnotion. 

Horkon. 



Ewt 


Feat. 

Bamk. 


8S5 


• 


3 

.... 

Winfield. 

1,000 


• • 


20 

20—100 

Hoj annd. 

M60 


* • 


10 

.... 


MTO 


• « 

« 

10 

20—100 

Aboro Fcmker. 

1,740 


• • 

• 

10 



2,010 


• • 

• 

12 

10—100 

U. PenneylYnnkii. 

2,100 


• • 

• 

12 

.... 


2,200 


• • 


0 

S6—too 


2,310 


* • 

• 

20 

t 

U. Hootht. 

2,000 


• • 

• 



M. HooTer. 

2,060 


« • 

• 

30 


L. Hoorer. 

2,750 


• • 

♦ 

40 

. .... 

Bndiooit. 

3,020 


• • 

• 

20 

1 

U. Tonknwa. 

tfiOTO 


• • 


00 

1 

L. Tonknwa. 

3,600 


• • 


90 

[ .... 

j 

1 lAjrton. 

4,160 


# • 


1 20 

1 

, .... 

‘ Oiw«go*B%-LiaM» 

4460 


• • 

• 


' .... 

^ Wileca €tt finalca of fold. 

4,260 

• 

# • 

• 

00 1 

5—10,000 

1 SOioeoQt limn. 


*«Oa and Oae in OMstnasa: OUehoain CMosfeid Snr**^ Bnlletla Na. 40-H,. 
ft fit. 
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Producing sand$ in the lonkawajidd.^ 



Depth. 



ThiokoeM. 

nodooikm. 

Hodnm. 


Feci. 



Feet. 



lire nndi 

• 

5—10 

6—12t 

Above Neva. 

IpSfiO 



• 

6 

small 


1.000 



• 

17 

.... 

Bet. Foraksr A Elgin. 

1.750 




18 

10--50t 

(Newkirk). 

1.800 




18 

small 

Upper Hoover. 

1.885—75 


• 


48 

1 

Middle Hoover. 

1.850 


• 


26 

6—12t 

Lower Hoover. 

8.085 


• 


5 

1 60—250 

GamuoaeL 

8.100 




6 

100—600 

Endioott. 

8,400-500 




100 

1,000—3.000 

Tonkawa. 

4.100 


• 


285 

Avr. 250 

Waoox. 


t Million oubio foet of gae. 


The discovery well in the Garber field was brought in at 100 
barrels in the Hoy Sand at 1,130—1,156 feet in September, 1917 and 
was followed by keen competitive drilling, which has also marked 
the more recent discovery of deeper sands. 

The Tonkawa field dates from June, 1921 when a well was 
completed at 2,661 feet with an initial production of 3,300 barrels 
from the Tonkawa sand. A year later a well was brought in at 
800 barrels from the Hoover sand in another part of the field, and 
rapid development in the Pennsylvanian formation followed in 
1922-23. In April, 1924 Hie development of production from deeper 
horisons commenced with the completion of Slick No. 1-A down to 
the Wilcox sand. Production above tbe Wilcox sand is taken from 
five main horisons, including a zone 750 feet in thickness the top of 
which is 900 feet below the Permian-Pennsylvanian contact. The 
Ttmkawa sand is found at 2,460—^2,500 feet and is the deepest 
produeiBg harison in the Pennsylvanian formation. The only prominent 


> Or* <<!., p. SC. 
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sand between the Tonkawa and the Wilcox is the 3,100 feet or 
Layton sand, which is a water sand in the Tonkawa field. 

In addition to the oil-producing sands mentioned above there 
are three well-defined gas horizons. The first or shallow gas hori¬ 
zon is the so-called 800-foot gas sand, a zone about 160 feet in thick¬ 
ness, which yielded wells with an average ‘ open ’ flow of 7 million 
cubic feet per day with an average rock pressure of 260 lbs. per 
sq. in. The second important gas horizon is found 400 to 600 feet 
below the Foraker limestone and about 1,600 to 1,600 feet below 
the surface. The initial free flow of a well in this sand was 64 
million cubic feet and the rock pressure 620 lbs. In many parts 
of the field, however, water was found in this sand. The third gas 
horizon is found at depths of from 1,600 to 1,800 feet. One well 
completed in this sand had an initial open flow of 74i million cubic 
feet and a rock pressure of 650 lbs. 

In addition to the Layton sand there are four other important 
water sands in the Tonkawa field, the first of which lies near the 
base of the first shallow gas zone. The second, 100 to 150 feet 
above the Upper Hoover sand, carries gas where it occurs high up 
on the structure. The third is the Middle Hoover sand and the 
fourth is situated some 200—300 feet above the Tonkawa sand. 
This last is the most persistent water sand in the field and carries 
water under a high head. 

The policy of operators in these fields has been to drill separate 
wells to produce from the different sands; and in the areas in which 
several sands are productive there are as many as five or six wells 
on one location—a location being 10 acres—giving, except for irre¬ 
gularities in the exact positions of the various wells in the indivi¬ 
dual plots, a spacing of 660 feet between wells producing from 
any one horizon. 

Many of the wells sunk down to the Hoover sands were drilled 
with standard tools, but most of the deeper wells have been drilled with 
rotary tools. The casing policy for the shallow cable-tool wells has 
not been uniform or systematic, particularly in the early competi¬ 
tive stages of the development of the Garber field. At that time 
many operators carried each string m far as possible in each in¬ 
dividual well, * landing ^ it where possible, in order to effect the 
isolation of a formation, and filled up behind the pipe with 
mud fluid to protect the upper oil and gas sands. More recently, 
particularly in the Tonkawa field, it has been the policy of some 
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operators to ‘ land strings of casing above and below each of the 
productive sands that have been drilled through, but this casing 
policy is obviously impracticable when drilling for production from 
greater depths, and in such cases, cementation in rotary drill holes has 
been employed for the protection of the upper horizons. 

The practice when drilling with the rotary system for production 
from depth—to the Hoover sands and lower—has been to set and 
cement a ‘ conductor ’ string at about 50 or 60 feet and then to 
drill down to an isolation point above the horizon from which it is 
intended to obtain oil. The well is then cemented using from 150 to 
600 sacks of cement, cementing back in most cases to above the 
Hoover sand and in some cases back to the shoe of the ‘ conductor ’ 


string. In other cases in the Tonkawa field the amount of 

cement used is calculated to foim an annular column of cement 

between th<* tasing and the walls of the hole, from the shoe of the 

casing only to the point below which there would be a danger of the 
casing collapsing if it were not so prot^^cted, mud fluid has then been 
relied upon to protect the upper horizons. In the Garber field, 
wells drilled to the AVilcox horizon are usually carried down to 
below the I^yton sand, which carries water, and cemented at 3,800 
feet or thereabouts with 800— 9(K) sacks of cement, which in most 
cases rises up behind the c asing to 1,500 feet. The methcxl of testing 
this cement work is to bail out and t^ake fluid levels, or some¬ 

times to ascertain whethc»r the hole is dry at the cementing depth ; 
but no effort is made to determine the extent to which the cement has 
reached the desired level behind the casing. 

The technologists familiar with the fields believe that these methods 
have been successful in protecting tlie upper sands and in prevent¬ 
ing fluid migration in the hole, even where cement is placed behind 
the water string only from the shoe to the j>oint below whicli tluTc 
would bo a danger of the casing collapsiiu* if it were not 
]»rot(^ct<Hl. This belief is based on the fact that the upper producing 
sands are still free from water and also that in some instances 


where the companies have tried to obtain production from the upper 
sands, which have been drilled through, they have found them to be 
effectively sealed off, production only being secured with difficulty. 

As a result of many years experience and study of rotary practice, 
the California State Mining Bureau, in co-operation with the pro- 


CaflfomUn liolatton 


ducing companies, has adopted a two-atring 
programme for rotary drill holes. A short conduc¬ 
tor string is ' landed ’ through the surface detrital 
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deposits and cemented. The first water string is then set above 
the first horison yielding oil in commeroial volume. The second water 
string is cemented above the horizon from which the well is intended 
to produce, all intermediate sands being protected by mud fluid 
and cement. 

The operation of this policy is exemplified by the development 
of the Santa Fe Springs oilfield, of which the productive zones and 
intermediate water sands are tabulated below. 


Depth. 

Zone. 

ThiokneM. 

Initial 

prodnotion in 
barreli. 

2,000 feet. 

Gee zone 

500 feet 

50—100* 

8,470 „ . 

Foix zone (oil) 

Water sflknd 

180 „ 

8,000—7,000 

3,650 „ . 

Bell zone (oil) 

Water land 

800 „ 

8,000—4,000 

4,020 . 

M^er zone (oil) 


0,000 

6,100. 

Bnokbie zone (oil) . 

T 

10,000 (t) 


* Million ca. ft. of gMu 


Wells originally drilled to reach the Foix zone were carried down 
to the top of the zone and the casing cemented at that point. With 
few exceptions, no difficulty was experienced in drilling with the rotary 
tools through the upper gas zone, the rock pressure of which was 
estimated at 500 lbs, per sq. inch. 

On the discovery of the Bell zone, wells, which were drilled to 
produce from it, were isolated above the Foix and again above the 
Bell. When the Meyer zone w€w developed, the two-string policy 
was still adhered to and wells drilled to this zone were isolated first 
above the Foix zone and again above the Meyer, leaving the Foix 
and Bell zones and their intermediate water sand behind the same 
strmg of pipe. In addition to ^ mudding ’, these last two zones were 
protected by ' back cementation ' from the isolation point above the 
Meyer zone, sufficient cement being used to cement back at least 
to the top of the intermediate water sand, and in many cases to 
the shoe of the previous string. 

On the recent discovery of the Buckbie zone it was considered 
inadvisable to drill wells to this depth, leaving the Foix, Bell and 
Meyer zones and their intermediate waters behind the same string 
d pipe, as Ihis prooeduze wonld involve * back cementation ’ for 2,400 
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feet from the top of the Buckbie zone. The two-string policy, 
however, has been adhered to and the first isolation in wells drilled 
to the Buckbie zone is made above the Meyer ; the Foix and the Bell 
zones being protected by * mudding * and cementing, 600 feet of cement 
being placed behind the pipe. The second isolation is made above 
the Buckbie sand where a string of pipe is landed, and from this 
point the pipe is cemented up as far as the shoe of the previous string. 
This policy was decided upon because of the great distance, for * back 
cementation between the Buckbie and Foix zones; the reduced 
value of the Bell zone and to a greater extent of the Foix zone; and 
the comparatively short length of * back cementation ’ required to 
protect them. On Ist August, 1928 the production statistics of the 
Foix, Bell and Meyer zones were as follows:— 

Foil tone .... 9 wells . 1,440 bamls. 

Bell tone ..... 76 wells . 6,780 barrels. 

Meyer tone .... 221 wells . . 31,012 barrels. 

It is believed by the engineers of the California State Mining 
Bureau and by the technologists of the leading companies operat¬ 
ing in the Santa Fe Springs field, that these policies have been effective 
in protecting the productive zones from water infiltration and fluid 
migration. Writing on this subject in 1923, Mr. J. B. Case, Chief 
Deputy Supervisor of the California Department of Petroleum and 
Natural Qas, summarised the water conditions in this field as 
follows:— 

* Little direct effort has been made to determine the exact stratigiaphic ] obi- 
tion of water sands in the drilling of wells in the Santa Fe Springs Field 
excepting as water has been noted in wells when being tested or being 
put on production. Comparatively few wells have developed any water 
trouble. The production from most of the wells is clean. This may 
be doe to the high degree of efBciency obtained in cementing strings; or 
the back pressure of the well may prevent any water which otherwise 
might have access to the well, from entering. ^ 

The Foix and, to a large extent, the Bell zones have subsequently 
become water bearing, but it is believed by the technologists familiar 
with the field that this is due to the encroachmtot of edge waters in 
the productive sands themselves and not to faulty isolation methods. 

The development of the Midway Sunset field, in the San Joaquin 
Valley area, also illustrates the same policy. In this area it has 

^ Cms, J. B. 'Report on the Ssnto F« Springs OU FkOd,* OslifomU Oil Fields, 
VoL 8, No. 11, p. 17. 
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been the practice to set a string of casing above the first oil>sand 
and to continue drilling to the top of the sand from which it is 
intended to produce, where a second string of pipe is cemented, 
after preliminary * mudding *. From the following table, shewing the 
productive zones and water sands in this field, it will be seen that 
the formations cased off behind the second string include, in some 
instances, as many as three oil zones and three water sands, one of 
which yields a free flow of water. As far as can be ascertained 
no diflSculty was experienced in controlling this high pressure 
water sand by the use of mud fluid and cement. 


Ptodvciive zones and water sands in the Midtoay Sunset Field. 


Thiokneii 

Feet. 

Fine water eand , ..30—60 

Top oil *one.60—70 

Upper intermediate water earul.36—60 

Kioaey oil zone ....«••• 175—206 

Tar aand • • ..30—46 

Big Flowing Water . ..96—140 

Wilhelm oil zone.. . 130—170 

Qnaher oil aone.90—T 

Califroleum oil sand •*..••• 110—T 

Bntress sand.7 


In all instances, the California State Mining Bureau requires 
that mud fluid of not less than 70 lbs. per cubic foot shall be used whilst 
drilling wells and that the mud column shall be 
pncO^^ 'muSdlnj* maintained to the surface at all times. In 
addition to the ‘ mudding' of tiie formation thus 
effected during the process of drilling, the Bureau requires that, 
before cementing, the formations to be isolated behind each string of 
casing shall be ‘ mudded ’ in open circulation till the loss of fluid per 700 
feet of hole does not exceed one barrel per hour. This circulation of 
mud fluid is witnessed by the engineers of the Bureau, who specify 
the amount of cement to be used subsequently, and also test the final 
cementing. Where strings are not ‘ cement^ back ’ to the surface, 
or to the shoe of the previous string, it is recommended by the 
Bureau that the colunm of mud fluid behind the pipe should be 
maintained to the surface. This recommendation is made because 
the sealinjg action of mud fluid is believed to be pennanent only 
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when the presanre of fluid in the hole exceeds the intemal pressure 
of the formation. 

It is believed by the majority of Californian technologists that 
this casing policy is successful in isolating the fluid content of all 
sands within the sand in which it originates. This condition is 
superior to that in the majority of cable-tool wells, particularly in 
those in which large quantities of cement have not been placed 
behind the casing. 

Another advantage of the rotary system is the ease with which 
high-pressure oil and gas sands can be controlled in wells drilled 
Control of higb-pret- method. It is usually, though not 

bo^ invariably, found that the pressure of oil and 

gas sands is proportional to their depth; it 
frequently approximates to the pressure of a column of water of 
equal depth. There is a widespread belief among oil men that 
this relationship is an invariable one, but this is not so. In 
many fields there is no essential relationship between the two, but 
it BO frequently happens that the two pressures approximate to 
one another that, in the absence of any reliable method of computing 
rock pressures in unproved territory, the approximation forms a 
useful guide for such estimates. 

In oases where the rock pressure of sands does not exceed the 
hydrostatic head of a column of water of equal depth it is clearly 
possible to control such sands by the maintenance in the bole of 
a column of fluid the specific gravity of which is greater than that 
of water. The specific gravity of mud fluids used in rotary practice 
varies from I'Ofi to 1*8. It is theoretically possible, therefore, to 
control pressures 80 per cent, in excess of their anticipated magnitude. 
Such pressures are rarely encountered and mud fluid in excess of 
94 lbs. per cubic foot (sp. gr. 1*51 approximately) is rarely used. 
The factor of safety of 60 per cent. afiorded by the use of such mud 
is, under many circumstances, by no means excessive. This fact is 
particularly true when drilling into high-pressure gas-bearing forma¬ 
tions as the gas ' aerates ’ the mud fluid, making it lighter and 
thereby reducing the pressure on the sand. This process is known 
by the drillers as ‘ cutting * or * feathering * of the mud. Another 
way in which the pressure on the formation is sometimes reduced 
is by allowing the column of fluid to fall bel<»w' the top of the hole. 
This drop sometimes occurs when the drill pipe is pulled out of the 
bolOi as the volume of fluid required to fill the hole is then increased 
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by the volume of drill pipe extracted. In good practice the column 
of fluid is at all times maintained to the surface, but most of the 
recent ‘ blow-outs ’ in California, including the serious fire that occur¬ 
red in the Santa Fe Springs field at the time of my visit, are 
attributable to negligence in this respect. 

The extent to which a mud fluid is ‘ feathered ’ depends on its 
viscosity or ‘ thickness ’. It is possible to mix a 100 lbs. (per 
cubic foot) mud fluid using good quality clay and 
water, but such a fluid is so thick that it is 
difficult to handle with the rotary pumps and in addition it is 
readily ‘ feathered For this reason, when heavy mud fluids (any¬ 
thing in excess of 85 lbs. per cubic foot) are required, it is usual to 
increase their weight by the admixture of some heavy mineral 
constituent. The two heavy minerals most adapted to this use are 
barjrtes and hematite, both of which greatly increase the weight of mud 
fluids without appreciably increasing their viscosity. In Californian 
practice, the use of hematite in preference to barytes is attributable 
to the fact that the former is more readily available, but the 
majority of technologists believe that barium sulphate, particularly 
in its amorphous form, is the better substance. The disadvantages 
in the use of hematite are:— 


(1) Its characteristic red colour, which is liable to mask oil 

indications in prospecting wells. 

(2) It is difficult to obtain entirely free from sUica, which acts 

as an abrasive, causing excessive wear of the casing and 

drill pipe. 

(3) It settles rapidly unless continually agitated, and some¬ 

times ‘ freezes ’ the drill pipe. 

(4) Some authorities claim that it is liable to set up cheibical 

or electrical reactions and so lead to corrosion of casing. 

In all four respects, barytes is superior to he{natite. The 
colour of barytes-weighted- mud is lifter than that of ordinary 
mud fluid. Barytes is more easily obtained in a pure form, free 
from silica, and it remains in suspension longer idian hematite (the 
amorphous variety of barium sulphate remains in suspension longer 
than the ordinary clay constituents of mud fluid). Barytes is an 
extremely inmt substance and actually protects the casing from 
corrosion.. 

Weighted mud fluids have been extensively employed in Burmese 
rotary practice, but in several deep tests in the Yenangyaung 
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field their use has proved entirely inadequate to prevent excessive 
caving or ‘ heaving ’ of the formation. Similar difBculties have 
been combated in the United States by the use of ‘ wire line bits 
which obviate the necessity of withdrawing the tools from the hole 
except at rare intervals; and by reversing circulation. It is 
possible that some special technique along these lines might con- 
tribute to the successful negotiation of the difficulties met with in 
Burma. 

DliadvanUset of the principal disadvantages of the rotary 

rotary tyitem. system are :— 


(1) The inaccuracy of rotary drill logs. 

(2) The contamination by mud fluid of low-pressure producing 

formg,tions. 

(3) The deviation of rotary drill holes. 


Of these, the first and second are due to the continuous circula¬ 
tion of mud fluid. As previously stated, one of the essential func¬ 
tions of the mud fluid used in rotary drilling is the removal of 
comminuted fragments of rock from the hole. This function is 
adequately performed under normal conditions by mud fluids 
weighing more than 70 lbs. per cubic foot, 
identification of the ‘ cuttings ’ can¬ 
not be carried out with sufficient adequacy for 
the preparation of a reliable log of the formations penetrated 
by the drill. This difficulty is now largely surmounted by the 
extensive use of coring devices, the perfection of which is the 
most important recent development in rotary practice. There 
^ . is now a large selection of core barrels for use 

in rotary drilling on the market, including 
types suitable for taking cores in all the various formations 
encountered in oilfield practice. Their use by experienced 

drillers involves no more risk of drilling accidents than drilling 
with ordinary fish-tail or rock bite, and little reduction in the 
speed of drilling. In Californian practice, it is usual to take 
cores in the vicinity of all points at w^hich an isolation is desired 
to choose a suitable formation in which to * land ’ and cement the 
casing, and also to take continuous cores in the oil-bearing horhsons. 
This practice has led to greatly improved knowledge of conditions 
in the oil-producing sones, and constitutes one of the principal 
advances in modern rotary practice. 
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A disadvantage, which is not entirely surmounted by coring, is 
the failure to recognise the fluid content of sands in rotary drill wells. 
The sealing action of mud fluid prevents the recognition of water 
sands, which are rarely recorded in the logs of rotary drill holes, and 
low-pressure oil and gas sands are frequently overlooked. It has 
been found in American practice that cores do not give satisfactory 
information on these important points. Owing to the presence 
of mud fluid during drilling it is usually impossible to recognise 
water in a core and, while even small quantities of oil can 
usually be detected by a solution test, reliable estimates of the 
potential production of an oil-sand cannot be made from a rotary 
drill hole. In the Mid-Continent, a device known as a formation 
or sand tester has been successfully used to supply the required 
information. The following description of this 

U»c of formation device, and of its mode of operation, and 
^^*®*‘* also the illustration comprising Plate 10 are 

taken from the manufacturer’s descriptive 

circular 

* One of the greatest drawbacks to rotary drilling is the difiioulty of testing 
sands encountered. There is a certain amount of danger in mudding off a pro¬ 
ducing sand when driiling with rotary tools because of the mud fluid used to 
remore the cuttings from the bit. 

With the.Sand Tester each sand, as it is encountered, can be 

tested and an accurate estimate made of the amount of oil and gas. 

It is a common practice when drilling the weUs with rotary tools, to drill ahead 
with a bit of smaller size than the one used to flnish the hole. Fiom time to time 
the hole is reamed down to the flnal size if no producing sand is found. This 
gives the operator a ohanoe to ream down to a place where the casing can be pro¬ 
perly set when a producing sand is encountered. The reduced hole is usually 
H or smaller while the final hole is 9} or huger. When the small bit enooimters 
a sand it is only necessary to drill into the sand and wash out the reduced (rat 
hole) hole. 

After the hole is in proper condition, that is, a sand has been encountered by 
the small bit and the large hole has been reamed down to a proper seat, which is 

generally anywhere from three to fifty feet above sand, the . sand 

tester is then run in on the drill pipe and a test made. 

The sand teeter consists eeseotially of a tapered packer below which is a per¬ 
forated pipe extending into the rat hole and conducts the oil or gas above the 
packer where there is a stop cook enclosed in a steel case that can be opened or 
closed by turning the drill pipe one quarter turn. The drill pipe is run in with 
the stop cock closed leaving the drill pipe dry. After the packer is seated the 
stop cook is .opened. The same condition now exists as if casing had been set 
and the hole bailed out. This allows the fluid in the sand to ent^ tlie driU pipe 
giving a sample of whatever is in the siuich 
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If gaa it enooantered it will blow throngh the drill pipe and if any fluid is in 
the sand it will flow into the drill pipe and can be taken out by clcsing the stop 
cook and removing the drill pipe. When oil or salt water are withdrawn with 
the drill pipe, especially if thirty or forty joints are taken out, the gas causes the 
oil or salt water to flow by heads when stands of pipe are removed^ giving posi- 
tive evidence of the fluid in the sand. 

The sand tester is allowed to remain seated from 15 to 45 minutes depend¬ 
ing on the condition of the sand. The complete test requires a round trip plub 
the 16 to 45 minutes it is allowed to remain seated and takes about 2 hours for 
a complete test, which is very small as compared to setting pipe and bailing out. 


The sand tester has not found favour with operators in California 
owing to the liability of the formation to cave in, due to its incoherent 
nature, and ‘ freeze ’ the tester, resulting in an expensive fishing or 
side-tracking job. In this respect, the sand conditions in Burma are 
more like Californian conditions than those obtaining in the Mid- 
Continent, where the sand tester has been extensively used ; but it 
is doubtful if the risks attending its use in Burma would be greater 
than those incurred by the current practice of making temporary 
isolations in cable-tool holes in order to (airy out the same 


tests. 

The difficulty of obtaining accurate and detailed information of 
the formations encountered during drilling, and of their fluid contents, 
detracts from the suitability of the rotary method 
Use of cable-tool for drilling prospecting wells, and many American 
system for test we . technologists still prefer to sink a cable-tool well 

in unproven territory. One ‘ wild cat ’ well I visited, situated over 
100 miles from railway or metalled road in the sandy wastes of 
New Mexico, was drilled by rotary methods till the anticipated 
horizon for production was approached. The company then went 
to the expense of taking down the rotary drill derrick and hauling in 
a cable-tool outfit in order to secure an accurate log of the poten¬ 
tially productive horizons. This case d< monstrates the distrust with 
which the technologists of that progressive company regard the use of 
rotary methods in prospecting wells. Had they considered any current 
adaptation of the rotary system capable of giving adequate informa¬ 
tion of the sand conditions they would certainly not have in¬ 
curred the great expense of hauling in cable-tool equipment. 

While the taking of cores, and possibly the use of the formation 
tester, have greatly enhanced the value of the rotary system in 
development work, in which the taking of cores should form part 
of the routine practice, the use of cable-tools for testing unproved 


c 
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horizons is greatly to be preferred to any ourrent adaptation of the 
rotary system. 

The second disadvantage in the use of the rotary system, the con¬ 
tamination by mud fluid of low-pressure producing horizons, is one 
which has led to the control and restriction of 
fluw"*^*^***^" the use of rotary drilling in the reserves of the 

Yenangyaung field of Burma. During the pro¬ 
cess of drilling through porous sands, part of the mud fluid enters 
into the pore spaces and other crevices. In a tight, consolidated 
sand the penetration of mud fluid is so slight as to require the 
microscope for its detection, but in very porous, loose sands mud 
fluid has been known to travel as far as 1,000 feet. In the reserves 
of Yenangyaung, the penetration of mud fluid in the upper depleted 
zones was sufficient to mud up producing wells in the neighbourhood, 
and in some instances production was never recovered. For 
this reason the use of the rotary system in these areas is permitted 
only under exceptional circumstances. 

In a treatise on the subject of mud fluid penetration, Mr. R. E. 
Collcm,^ formerly Oil and Gas Supervisor of the State of California, 
states that the following factors control penetration— 

(а) Nature of the openings or porosity of formations. 

(б) Effective hydrostatic pressure of fluid on formations. 

(c) Hydrostatic or rock pressure of native fluids in formations. 

(d) Diameter of hole, filter area. 

(e) Amount of depletion of oil or gas sands. 

(/) Amount of pressure reduction in an oil sand brought about by pumping 
adjoining wells. 

(g) Physical characteristics of mud fluicL 

(h) Kind of native fluids—oil, gas or water in formations. 

Mr. Collom further states ‘ It is probable that, as regards pene¬ 
tration, the physical nature of the mud fluid is as important a con¬ 
sideration as the porosity of underground formations.’ 

It is well known that the power of penetration into the formation 
of a mud fluid is reduced by the addition of certain substances. 
An outstanding example is hydraulic lime, the use of which has fre¬ 
quently been successful in restoring lost circulation (an extreme 
case of penetration) in Californian fields. It is possible that the 
use of lime or some other substance in muds used in rotary drilling 

»OoBom*, R. S, ‘ Hud IMJ of Rotary Drilling. Californis OU Fields \ Vol. 8, 
Ne. 7, p. 24. 
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in Burma would so reduce the penetration as to eliminate the ob¬ 
jection to their use in the reserves of the Yenangyaung field. 

An outstanding difference between Californian and Burmese 
rotary practice is that in California it is customary to complete wells 
by rotary drilling, whereas, in Burma, it is usual 
ilon**^ comple- to drill wells down to the isolation point by 

this method and then to substitute cable-tools 
for drilling into the producing horizon. The reason for this practice 
in Burma, is the comparatively low pressure of the jproducing forma¬ 
tion, a pressure that is insufficient to overcome the plastering effect 
and penetration of mud fluid. In general, the pressures encountered 
in Californian fields are suflScient to cause the well to flow and clean 
the formation in the neighbourhood of the well from mud fluid 
when the pressure on the sand is reduced by bailing out the column 
of fluid in the well. In some instances where the prfssure is not 
sufiScient to do this it is the practice of operators to use oil instead of 
mud fluid as the circulating medium when penetrating the pro¬ 
ductive horizon with rotary equipment. The Union Oil Company 
of California have carried this idea a step further. Their technolo¬ 
gists consider that even when oil is used as the circulating medium, 
if the pressure on the formation exerted by the column of fluid in the 
well exceeds the formation pressure, fluid from the well enters the 
formation, carrying with it ‘ cuttings ’ which have a sealing effect 
on the sand. The technologists have, therefore, developed a system 
of restricted circulation, in which the pressure on the formation is 
reduced to approximately 500 lbs. per sq. inch, as compared with 
1,500 lbs. per sq. inch when using a full column of oil to the sur&ce 
or approximately 2,000 lbs. when using 70 lbs. mud. Circulation to 
the surface is abandoned when the productive horizon is approached, 
but, by means of a system of valves in the drill stem and a small 
air compressor at the surface, a limited volume of oil is circulated, 
in the lower portion of the hole only; this serves to cool the bit. 
It is necessary to carry down pipe during this process and also to 
run the bailer to remove the ‘ cuttings ’; the amount of the latter, 
however, is reduced by the use of a core barrel, and it is claimed 
that the method results in more rapid drilling than with the cable- 
tool system. At the time of my visit this method of restricted cir¬ 
culation was still in its experimental stage, but had, so far, been used 
successfully on four wells in the Brea oilfield, where the initial 
production of ouch well was more than 100 per cent, greater than 

o 2 
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that of wells drilled to the same sand by ordinary rotary methods. 
In one instance, a well which was drilled by ordinary circulating 
methods ‘ came in * at 60 barrels, but when the original hole was 
side-tracked from the isolation point, using this system of restricted 
circulation, the new hole ‘ came in ’ at 300 barrels. It appears 
possible that some modification of this method might be adapted 
to drilling with rotary methods in low pressure formations in 
Burma. 

The third outstanding disadvantage of the rotary system, as at 
present operated, is the difficulty of drilling straight holes by 
this method. The table opposite, compiled by 
driU^holi^" rotary jjj Anderson, the leading authority on the 
subject, shews that the average deviation 
from vertical of 163 rotary drill holes was 307-7 feet at a depth 
of 4,000 feet and 615-9 feet for 104 holes carried to a depth of 
6,000 feet. Deviations of such magnitude not only greatly increase 
the difficulty of correlation from rotary drill hole data but are also 
conducive to excessive wear of the drill pipe and casing, and 
later of the pumping equipment. 

The amount of deviation can be restricted to a certain extent 
by careful control of the weight on the bit during the process of 
drilling. Such control is facilitated by the use of the Hild and 
Halliburton differential drives, but even the most careful use of 
these devices has not been entirely successful in producing straight 
holes. 

As regards the prevailing direction of deviation, there is a wealth 
of conflicting evidence ; in some instances the tools travel down the 
dip, resulting in deviation of the hole in this direction; in other 
cases they travel in the opposite direction ; and in yet other cases the 
direction of maximum deviation is along the strike. It is thought 
by many operators that the direction of deviation depends on the 
nature of the formation and on the degree of its inclination, but 
in one instance that was brought to my notice surveys of three 
adjacent wells, situated along the strike in a Californian field, 
shewed that the two outside wells went down the dip while the middle 
one went in the opposite direction. It is reasonable to assume 
that the field conditions in these instances were identical and it is, 
therefore, necessary to attribute the difference in the direction of devia¬ 
tion to differences in the mode of operation of the tools. This example 
would teud to indicate that more can be done by the driller to 
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control deviation in rotary drill holes, than has previously been 
realised. 


RECOVERY. 

The term recovery is used to denote the total amount of oil— 
expressed in terms of barrels, gallons, or tons—recovered from a well, 
lease, acre or any other unit; and since such a total depends on a 
large number of factors, as for example the original conditions in 
the reservoir, methods of production, and the like, it is usual and 
convenient to consider these factors under the heading of recovery. 
In dealing with the subject, it is necessary to remind ourselves 
that recovery is S 3 monymous with total production and is distinct 
from and should not be confused with rate of production, often 
spoken of elliptically as production. 

Production in the sense of rate of production of oil or gas, as the 
case may be, is expressed in terms of barrels or gallons (cubic feet 
in the case of gas), per day, month, year, or any other convenient 
period. Recovery is a function of rate of production but the relation¬ 
ship is a very complex one ; so complex that some of its implic^itions 
are at present imperfectly understood and it is essential to guard 
against the tendency to regard recovery as simply proportional to 
rate of production. It is obvious that a well that produces 10 
barrels of oil per day for 1,000 days will have a smaller rate of 
production, but a greater recovery, than one that produces 20 
barrels of oil for 100 days. There has been, and still is, however. 
a tendency, particularly among producers, to confuse the two and 
to regard any means of increasing rate of production as also 
increasing recovery. 

By a careful analysis of the production records of a w^ll or 
lease over a protracted period it is usually possible to form at least 
an approximate estimate of the ultimate re- 
coyerp. re- covery from that well or lease, and it is, 

therefore, of the utmost importance that 
accurate and detailed production records should be kept. 

The factors controlling recovery fall under two headings:— 

(a) Natural conditions within the reservoir. 

(b) Methods of drilling and production. 

Over the former, the producer has no control, but a proper 
understanding of them is essential in order to determine the best 
methods of development and production. The latter are variable 
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at the will of the producer and are subject only to the limitations 
of current engineering practice and economic considerations, and it 
is with them that we are most intimately concerned. 

The principal factors, as far as they are at present understood, 
falling under the first heading are:— 

(1) The geological structure. 

(2) The thickness, porosity, and permeability of the sand body 

or other reservoir. 

(3) The physical properties of the oil, the most important of 

which are its specific gravity, viscosity, and surface ten¬ 
sion. 

(4) The pressure under which the oil and gas exist in the reser¬ 

voir. 

(5) The amount of gas dissolved in the oil, and in some ins¬ 

tances the amount of free gas in the reservoir. 

(G) The exist^mce and mode of occurrence of water within the 
reservoir. 

Of these, numbers 3, 4 and 5 are related — numbers 4 and 5 
intimately so --- and are now almost universally believed to be of the 
greatest importance in the majority of fields. In other areas, 
number 6 is the predominant factor. There are substantial grounds 
for the belief that the oilfields of Burma belong to the former 
tyj)e, in which the pressure and the amoimt of dissolved gas are the 
most important natural factors affecting recovery; but many aspects 
of water encroachment, although of secondary importance, are by 
no means insignificant. 

The principal factors under the second heading (6), those over 
which the producer exercises more or less complete control, are :— 

(1) The location and spacing of wells. 

(2) The methods of drilling and completion of wells. 

(3) The methods of production. 

Of production methods, by far the most important may be 
summed up under the general term pressure control. Just as the 
original pressure and the amount of dissolved gas within the reser¬ 
voir are believed to be the most important natural factors affecting re¬ 
covery, so are the proper control of pressure and the most efficient 
use of the original gas content of the reservoir (more particularly 
of that portion which is dissolved and occluded in the oil) l)elieved 
to be the most important factors in production. 
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Since decisions as to the placing and spacing of wells, and also 
production methods, are affected by the question of pressure control 
it is expedient to discuss the principle underlying pressure control at 
this stage. Consideration of the production methods designed to 
accord with pressure control is deferred in order to preserve, as far 
as possible, a logical sequence. 

Briefly, an oil ‘ pool ’ of the type with which we are dealing 
in Burma, consists of a sand body, the pore spaces of which are 
impregnated with oil and gas. In the majority 
Theoretjea! considera- of cases, and in every case in Burma, with 
control of gas-oil ratios, possibly one exception, the strata m which 
these ‘ oil pools ’ are known to occur are 
folded into an anticline or elongated dome. Where there is con¬ 
tinuity between the different portions of the sand body over a 
considerable area, it is almost universally found that there is a 
segregation of the fluid content of the reservoir according to its 
specific gravity; free gas, where it is present, being found in the top 
of the structure, followed by oil below, and the oil in turn followed 
by water down the flanks of the fold. 

In addition to the free gas in the top of the structure a certain 
amount of gas is dissolved in the oil itself, the amount depending 
on the nature of the gas and of the oil and on the pressure under 
which they are associated in the reservoir. For an association of 
any one gas with any one oil, the amount oi dissolved gas (tem¬ 
perature being constant) is proportional to the absolute pressure 
(Henry’s Law). It follows, therefore, for reservoirs of this type 
in which there is free gas in the top of the structure, that the higher 
the pressure the greater the amount of dissolved gas. Another 
important result of this physical law is that when the pressure^ is 
released, gas comes out of solution. When a well is (billed into 
a closed reservoir, the pressure equilibrium is disturbed and gas is 
liberated from solution in the oil in amounts proportional to the 
pressure differential between the reservoir and the bottom of the 
well. As a further consequence of pressure reduction the gas 
expands and moves in the direction of lowest pressure, that is, 
to the well. In doing so the expanding gas bubbles carry oil with 
them to the well and it is this propulsive force of natural gas 
that is the most important factor in recovery. Other things 
being equal, therefore, the recovery from oil pools may be 
expected to be proportional to the amount of disrolved gas and 
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therefore to the pressure. In a series of experiments, conducted 
at the U. S. Bureau of Mines Experimental Station, Bartlesville, 
Oklahoma,' in which field conditions were simulated as closely as 
possible, this hypothesis received remarkable confirmation as will 
be seen from the following table:— 


Percentage Recovery of Oil from Sand by Expulsive Force of Dissolved 
Oas for Various Initial Gas Pressures and for IHfferent Rates 
of Recovery. 


Initial pressure, 
lbs. per sq inch. 

Solubility factor, 
cubic feet gas in 

1 barrel 
oil. 

Maximum total 
recovery. 

Per Cent. 

Minimum total 
recoveiy. 

Per Cent. 

26 

4*77 

9-4 

9-4 

50 

9-64 

12 5 

11-7 

76 

14-22 

16-0 

13*2 

100 

18-98 

i 17 0 

14-6 

160 

30-32 

203 

16-6 

200 I 

37-76 

23-4 

18-1 

300 

66-70 ' 

28-0 

20-5 

400 

76-40 

31-1 

22-6 

600 

94-32 

33-8 

24-2 

600 

113-07 

36-1 

26-7 

700 

132-26 

38-1 

27-0 

800 

161-02 

40-0 

28*0 


As stated above, the pressure and the amount of dissolved gas 
in any particular reservoir are definite and limited and are natural 
conditions over which the producer has no control; but since the 
propulsive force of expanding gas is believed to be of the utmost 
importance in the production of oil, it is essential that this limited 
energy should be used in the most efficient manner. In other words, 

* Van MiUs, R. and others—* Oil Recovery Investigations of the Potroleain Ex¬ 
perimental Station of the United States Bureau of Mines.* A. I. M. E. Teohnioal Pablio- 
atkm No. 144. 
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it is desirable that as little gas as possible be allowed to escape to 
the well without bringing with it its quota of oil, and the volume 
of gas per unit of oil produced may be regarded as an index of the 
efficiency of production. This ratio of the volume of gas to the 
volume of oil produced is known as the gas-oil ratio. The term 
has figured very largely in all the recent technical literature in the 
United States of America and it is no exaggeration to state that 
in the great majority of fields, the control of gas-oil ratios is now 
universally believed to be of paramount importance. This control is 
particularly important in the early stages of the productive life of 
a field or well, but it is necessary to guard against a too rigid 
adherence to this control in the later stages of the life of a field, 
when it is possible that other factors (such as gravity) and not 
the propulsive force of expanding gas, are predominant. 

Mr. H. C. Miller ^ of the San Francisco office of the United States 
Bureau of Mines, has made a study of five Californian wells, ori¬ 
ginally large producers but now about to be abandoned, to deter¬ 
mine the relation between the quantity of oil produced during the 
productive life of the wells and the volume of formation gas that 
accompanied the oil to the surface. The result of this study is 
shewn graphically in Plate 11. Curve A shows the relation between 
the percentage of the total oil that was ultimately recovered from 
the wells and the percentage of the total volume of gas (measured 
at atmospheric pressure) that reached the surface with the oil. 
In each case 100 per cent, equals the total production of oil, or gas 
during the life of the wells. The productive life of the five wells 
was about 12 years. 

During the period of natural flow in the five wells, an average 
of 65 per cent, of the total gas that was produced during the^life 
of the wells reached the surface, bringing with it but 46 per cent, 
of the total quantity of oil that was ultimately produced from the 
wells. In other words when natural flow ceased, tiiere remained 
in the producing formations only 35 per cent, of the gas ultimately 
recovered. This percentage of gas expelled from the sands the 
65 per cent, of the taial recovered oil that was extracted by 
mechanical pumping methods. 

Indicative as these figures are, of the ineffiiciency of the recovery 
of oil from reservoir sands by gas during the period of natural 


* PenKmal oommonioation. 
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flow, they do not depict the actual inefficiencies of recovery methods. 
Consideration must be given to the fact that only 20 to 40 per 
cent, of the total oil content of the sands is recovered by drilling 
operations. It should be noticed (curve D) that, on the basis of a 
20 per cent, recovery, 65 per cent, of the gas from the reservoir 
sands (all of which came from a well during the period of natural 
flow) expelled only 9 per cent, of the total oil content of the sand. 

These figures shew the need of conserving the energy contained 
in the gas associated with the oil, especially during the period of 
natural flow. If, by a change of methods of production, the 
volume of gas reaching the surface during the period of natural 
flow can be reduced, the length of the time that the well will flow 
naturally and the total ultimate recovery will be increased. Con¬ 
serving gas underground, and maintaining proper gas pressures in 
wells, result in the recovery of the maximum amount of oil at 
least cost. An efficient method of production is, therefore, one that 
controls the volume of formation gas accompanying a barrel of oil 
to the surface. Such control should begin as soon as the well is 
brought in. 

Having accepted the hypothesis that the control of gas-oil 
ratios, at least in the ejirly stages of the field’s history, is of para¬ 
mount importance, it is now necessary to 
The effect of sptcing examine the effect on gas-oil ratios of the 
on recovery. location and spacing of wells. 

There is very little published information on this subject and 
practically no concrete data are available, but the general consensus 
of opinion among American technologists is that the closer the 
s})acing of wells the greater the recovery and, with few exceptions, 
the only limit they would impose on spacing is an economic one. 
I have examined all the available published references to the 
subject and have been permitted to consult unpublished reports on 
this question in the archives of several large producing companies. 
With few exceptions, they purport to show that the closer the 
spacing the greater the recovery, but in no instance do I consider 
that the data unequivocally warrant this interpretation. Further¬ 
more, after exhaustive discussion of this question with the ex¬ 
ponents of the opposite view, I am still of the opinion that 
there are theoretical grounds for the belief that there is a limit 
beyond which close spacing is not only uneconomic but also 
results in lower recovery. The reverse view depends entirely 
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on the principle that it requires more energy to move a unit 
of oil two feet than ^it does to move it one foot, and that 

the closer the wells, therefore, the less is the energy required 
to produce the oil. This argument is undeniable, and if in 

such circumstances all the available energy were actually used 
in bringing oil to the well, the case for close spacing would 

be complete. It has been shewn, however, (see page 404) that 

in the early stages of the life of a well there is great 

wastage of gas energy. It will be shewn later that this wastage 

is largely due to a too rapid relief of pressure, whereby gas is 

allowed to reach the well without bringing with it its quota 
of oil, known as ‘ by-passing ’ of the gas. Every additional well in 
excess of the number required efficiently to drain the sand, 

will result in a still more rapid reduction of pressure and the 
early intersection of drainage cones surrounding the wells will 
constitute an additional source of dissipation of energy. By restrict¬ 
ing the number of wells, the amount of ‘ by-passing ’ of the gas 
wili be substantially reduced and the pressure reduction in the 
reservoir can be more easily controlled. It is possible that the 
conservation of gas energy thus effected will outweigh the extra 
energy involved in propelling the oil for a greater distance and so 
result in greater ultimate recovery. This view is not entirely 
without experimental confirmation. In a series of experiments 
conducted on a laboratory scale. Professor Lester C. Uren^ obtained 
the following data, indicating that while one well was insufficient 
for efficient drainage, every additional well in excess of two resulted 
in lower recovery. 


BesuUs of Pressure-drainage Tank Experiments to Determine In¬ 
fluence of Well Spacing on Ultimate Recovery. 


No. of wells. 

Total recovery of 
oil cu. cm? 

Percentage 

recovery. 

1 

103,706 

26-7 

2 

117.100 

290 

3 

105,700 

261 

4 

102.600 

25*4 

6 

101,100 

250 

6 

99,300 

24*6 


‘ Uron, L. 0.—‘ The Gee Factor ae a Meaeure of Oil Production Efficiency.’ ‘ Petro¬ 
leum Developm^t and Technology in 1927,’ p. 153. 
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If these results may be accepted as a reliable index of the per¬ 
formance of wells under field conditions, it follows that in every 
field there will be some limit beyond which closer spacing will be 
to the detriment of ultimate recovery. In the present stage of our 
knowledge it is impossible to say what that limit is and it will 
vary in every instance, as it depends on the original pressure 
in the reservoir, the porosity and permeability of the sand, and 
other physical factors. The most efficient spacing, therefore, can 
only be determined by experiment. The subject, however, is of 
more than academic interest, particularly in Burma, where, in the 
reserves of Twingon and Berne we have the unprecedentedly close 
spacing of 60 feet. 

Closely related to the question of spacing, or the distance between 
Effect of location Md neighbouring wells, are the location, or posi- 
rate of developmefit on tion of wells on the structure, and the rate of 
development. 

It is usually found that wells situated near the crest of a struc¬ 
ture, have higher gas-oil ratios than those lower down the flank. 
This difference is due to two causes; the greater facility with 
which gas migrates up the structure (and therefore the tendency 

of wells situated near the crest to drain gas from the lower 

portion of the structure) and the proximity of the crestal area of 
free gas from which gas escapes to adjacent wells. Although 

this free gas is not so important a factor in the production of oil 

as that which is dissolved and occluded in the oil itself, its 
conservation as a measure of pressure maintenance is important. 
Any excessive drainage from this area, either by gas wells located 
on the crest itself, or by oil wells situated near the crest, will 
result in a general diminution of pressure throughout the structure 
and BO result in a lower recovery of oil. 

In the Ventura and Dominguez fields of California, in which 
attempts are being made, under co-operative agreements among the 
operators, to control gas-oil ratios, two of the major companies 
have actually shut in and sacrificed production from high gas-oil 
ratio wells situated high on the structure. These wells were drilled 
before the importance of the above considerations were fully re¬ 
alised, but the occurrence of such wells with high gas-oil ratios 
near the crest of the structure, and the beneficial results, on the 
aggregate gas-oil ratio of the field, of closing them in, are sufficient 
to warrant a restriction of drilling on the crestal portions of a 
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structare in future development programmes* Such restriction of drill¬ 
ing on the crest of a structure, or the extreme measure of shutting- 
in high gas-oil ratio wells that have already been drilled there, 
must, however, be accompanied by proper pressure control of pro¬ 
ducing wells surrounding the protected area. Otherwise, the gas 
from this protected region will migrate to such producing wells and 
be dissipated there. 

With the exception of this restriction of drilling on the crestal 
portions of a structure, for the reason stated above, American 
technologists now believe that rapid and uniform development results 
in the greatest recovery. If development is not rapid and uniform 
the drainage of gas from undrilled areas by wells completed early 
in adjacent portions of the structure, results in high gas-oil ratios 
in the completed wells. This position is particularly acute where 
the congestion of wells in the drilled portion is excessive, as is 
frequently the case where line fights take place between rival com¬ 
panies. 

In a recent report on the Powel field, Navarro County, Texas, 
Mr. H. B. Hill' of the United States Bureau of Mines comments 
on this subject as follows:— 

‘ The policy of drilling line wells only, during the early period of development 

reduces the ultimate recovery from the tract and the recovery per acre. 

In properties developed in this manner, water is quite likely to follow the areas 
of greatest depletion and consequently to trap large quantities of oil in under¬ 
developed portions of the tract.’ 

As stated above, the evils consequent upon close drilling of wells 
can be reduced by proper pressure control of the completed wells, 
but it is doubtful if they can be entirely eliminated, particularly 
under competitive conditions where close co-operation of the opera¬ 
tors is essential for pressure control. In places where such co¬ 
operation is obtainable, the interests, both of the competing companies, 
and also of the state, would be better served by an agreement to 
pursue a rational drilling policy. 

Having discussed the most important aspects of development, 
production methods, in relation to their efficiency in yielding 
^ . the greatest ultimate recovery, remain to be 


1 .utM Bamn of UlBH BbIMo No. 284, pp. 104-S. 
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Methods of increasing oil production efficiency fall under two 
headings;— 

(1) The control of individual wells or groups of wells in such 

a manner as to reduce their gas-oil ratios and to control 
the influx of water. 

(2) Secondary methods of recovery such as production under 

vacuum and the re-introduction of gas into the oil 
bearing formation, for the purpose of maintaining or 
restoring pressure. 

It is believed that with ordinary flowing and pumping methods, 
a comparatively small proportion of the total oil content of the 
sand is recovered. The estimates of various technologists, under 
varying field conditions, range from 20 to 40 per cent., so that a 
large proportion of the total oil content of the rescTVoir remains 
in the ground. Technologists now believe, that by proper deve¬ 
lopment programmes, together with efficient control of gas 
production and pressure, the percentage of oil recovered can be 
materially increased and, furthermore, that the recovery from depleted 
fields can be still further increased by the adoption of some repres¬ 
suring system. 

It cannot be too often repeated that it is the propulsive force 
of natural gas that is now believed to be the most important factor 
in recovery. Under ideal conditions each unit 

Theorc^al contidcf^a- of gas is capable of doing a certain amount of 
control of prctiure. work in bringing oil to the well, the work done 
depending on the amount of expansion of the gas 
and therefoie on the differential pressure between the formation and 
the well. Gas, however, is a more mobile fluid than oil and there 
is, therefore, a great tendency for it to escape to the well without 
bringing with it its quota of oil. This phenomenon is known as 
‘ by-passing * or ‘ slippage’. In general, the greater its velocity of flow’ 
the greater will be the tendency of the gas to pass to the W’ell with¬ 
out bearing its quota of oil. Now, other factors being constant, both the 
amount of gas liberated from solution in the oil and the amount 
of its expansion, and therefore its velocity of flow, will be proportional 
to the pressure differential between the formation and the well. It 
will readily be seen, therefore, that both the power of the gas to perform 
work in bringing oil to the well and its tendency to escape without doing 
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this work, are dependent on the same factor, difierential pressure. 
For each reservoir, therefore, for each well in the reservoir, and 
even for each stage in the life of the individual wells, there will 
be some critical pressure at which the most efficient balance between 
these two factors will be reached. If the differential pressure is 
too small, the energy of gas expansion will be insufficient to bring 
oil to the well; if the differential pressure is too great, gas will 
escape to the well without bringing with it a sufficient quantity 
of oil. Clearly the most efficient balance between these two factors 
is reached at that pressuie differential at which each unit of gas 
brings with it to the well the greatest quantity of oil, in other 
words, that difference of pressure at which the gas-oil ratio is 
the smallest. The problem of the engineer and technologist, there¬ 
fore, is to determine by experimentation on individual wells 
the operating pressure at which they have the lowest gas-oil 
ratio. 

The above is a discussion of the theoretical considerations under¬ 
lying the principle of pressure control of producing wells, parti¬ 
cularly in relation to gas conservation. Before 
Effect of pretture turning to the consideration of its practical 
control on water application we may remind ourselves of its 
encroachment beneficial results in the control of water en¬ 

croachment. Where wells are allowed to flow 
freely without proper attention to pressure control, the rapid diminu¬ 
tion of pressure in the neighbourhood of the wells causes the rapid 
advancement of edge water, irregular tongues of which are drawn 
up towards the region of lower pressure. The irregular nature of 
this encroachment causes large bodies of oil to be entrapped and 
renders such oil recoverable only by the expensive and usually un¬ 
economic method of drilling additional wells, a policy which few 
companies are prepared to pursue after the encroachment of edge 
water is known to have commenced. This aspect of the subject 
has been well brought out in the recent development of the West 
Texas fields where wells come in with high initial productions but 
rapidly become affected by water unless production is effected under 
substantial back pressure. In the course of a visit to each of the 
newer fields in West Texas, a great number of production curves 
illustrating the relationship of back pressure to control of water 
encroachment were studied. The majority of these curves were 
of a confident imture, but that comprising Plate 12, taken frox^ 
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published records, ^ is typical of a great number of curves that 
have been compiled from data obtained in this area. 

Miller has shewn (see page 404) the importance of the control of back 
pressure early in the life of a well, and it is in accord with general 
experience that far more can be done to con¬ 
serve formation gas in the early flowing period 
of a welFs life than at any other time. Speak¬ 
ing on the subject at a meeting of the American Petroleum Ins¬ 
titute, held in Los Angeles on the ‘ilstof September, 1928, Swigart.^ 
one of the pioneers of gas conservation in the States, said :— 


PreiBure control of 
flowing wells. 


‘ Back pressure control has not been successful in securing moderate gas oil 
ratios for all wells at Ventuia because as has been learned from experience, wells 
can be controlled more successfully if taken in hand shortly after completion than 
if allowed to produce at rapid rates for several months or years. Many Ventura 
wells were old when the control methods were first applied. In general, the Shell 
Company has been able to maintain gas oil ratios of new wells at fairly constant 
levels and even to lower the gas oil ratios of a number of wells. In experiment¬ 
ing with old wells which have attained high ratios, it was found difficult to lower 
those ratios and in most cstses wells of this kind have finally been shut in com¬ 
pletely to save gas.’ 


Dealing with the results of back pressure control in the Ventura 
field, Swigart * a]?o states.- 


‘ It is estimated that the total field gas oil ratio if all wells were allowed to 
produce at normal rates, would bo approximately 4,960 cubic feet per barrel at 
the present time. The present field ratio is about 3,780 cubic feet per barrel 
indicating a saving of 1,170 cubic feet of gas for every baiTel of oil produced. 

To give some idea of the possible value of this dei reawe in gas-oil ratio, assume 
that the saved gas wdll some day produce oil at the rate of 4,000 cubic feet per 
barrel. This would mean that for every barrel being produced under present 
methods, an extra 0*29 of a barrel will be produced ultimately, or stated differently, 
with a present total field oil production of approximately 60,000 ban els per day, 
ultimate production is being increased at the rate of 14,640 barrels per day by 
the present methods of gas conservation. Even if the gas saved were only one- 
half as effective as at present in driving oil from the sand the daily rate of increase 
in ultimate recovery would be 7,630 barrels per day which is equivalent to an 
increase in recoverable oil reserves of 16 per cent.’ 

These results in the control of gas oil ratios of flowing weUs 
(accomplished in the Ventura field), constitute a remarkable vindica- 


^ Vance, H.—‘ Development and Production Methods in West Texas Fields,’ 
Bulletin No. 202 of the American Petroleum Institute, p. 113. 

• Swigart, T. E.—‘ Proration in the Ventura Pield,* panel piebented befoie a Dia- 
trict Meeth^f of the Division of Develimment and Production Engineering of the American 
Petroleum institute, at Los Angelos, California, September, the 21st, 1928. 

• Swigart, T. E.— op, cii. 


V 



412 


Records of the Geological Survey of India, [ VoL. LXIIl. 


tion of the theoretical expectations of the benefits of pressure con¬ 
trol of such wells. The most successful method employed in this 
field is the use of ‘ flow beans * which increase the effective back 
pressure on the sand by reducing the orifice of fiow. By this 
method, pressures as high as 1,000 to 1,200 lbs. per square inch 
have been held on Ventura flowing wells with the beneficial results 
cited above. 

Another method of controlling flowing wells is to allow them to flow 
through tubing, when the back pressure can be controlled by alter¬ 
ing the diameter and depth of tubing. In Ventura this method 
has not been so successful as ‘ beaning as it is not practicable 
to change the depth or diameter of the tubing in order to ‘ kill ’ high 
pressure wells. In the Salt Creek field, however, where pressures 
are not so high, allowing the flow to occur through tubing proved 
the most successful method of control. As the result of considerable 
work in this field, Mr. K. B. Nowels^ of the United States Bureau 
of Mines, was able to draw the following conclusions :— 

‘ Casing flow and its control by gate valves usually gave inefficient results in 
gas-oil ratios, with a few exceptions. 

Casing flow of a certain percentage of the total open flow was easier of control 
by flow nipples or beans and gave somewhat better gas-oil ratios than did gate 
valve control. 

Producing a well through tubing was generally the best arrangement, thereby 
obtaining increase of efficiency; although there were exceptions, however, it is 
believed some tubing arrangement would have given the desired result.’ 

In a flowing well, the gas that exists in the formation in asso¬ 
ciation with the oil performs two functions : the first in bringing 
oil to the well; the second in lifting it to 
surface. Of these, the former is the more 
important, as, when once the oil has reached 
the well, the energy required to elevate it to the surface can readily 
be supplied from extraneous sources. The energy r-equired to 
bring the oil to the well can by no means be so readily replaced. 
In the later stages of the life of a well, when the diminution of 
pressure and the greater distance through which the oil has to 
travel to the well result in the greater part of the energy of ex¬ 
panding gas being required to bring the oil to the well, the well 

^ Newels, K. B.- —* Some Methods of Producing Flowing Wells in the Sftlt Creek 
Field and Their E'tfeot on Gas-Oil Ratios United States Bureau of Mines Report of 
luvestigation No. 2833, p. 0. 
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ceases to flow and the oil has to be brought to the surface by mecha¬ 
nical means. It follows, however, that if the energy required to 
lift the oil to the surface can be eirtraneously supplied at some 
earlier period in the life of a well, the energy of the formation gas, 
which would otherwise have been absorbed in doing this work, will, if 
properly controlled, be available for the purpose of bringing addi¬ 
tional quantities of oil to the well. This conservation of energy is 
an important function of the gas-lift method of production, in which 
gas is pumped down the well to bring the oil to the surface, but it 
is a function that is frequently overlooked in view of the more 
general application of the method as an alternative to pumping 
as a means of bringing to the surface the oil from wells which 
have already ceased to flow. There is probably no other aspect 
of modem production methods in America, on which the opinions 
of field men are so divergent, as the efficiency of the gas lift 
method to perform this latter function. In this connection, the 
term efficiency is used solely with reference to the effects, beneficial 
or otherwise, of the gas-lift method on ultimate recovery. This 
divergence of opinion is undoubtedly due to the widely different 
methods of operating the gas-lift process in different areas. Although 
there is such divergence of opinion among field men, who are familiar 
only with the results of the method in their own particular area, 
among technologists and engineers who have greater opportunities 
of observing its operation under many different conditions in a 
great number of fields, it is almost universally believed that where 
the gas-lift method is properly used, as a means of pressure control 
instead of as a means of increasing daily production, use of the 
process has been an important factor in contributing to greatei 
recovery. This difference in the method of handling the gas-lift 
process in wells and in the results on ultimate recovery, is well 
brought out in the following instances, quoted in a report published 
by the California Chamber of Mines and Oil ^ from which the 
following is taken :— 

‘ Experience has shewn that control of the gaa-oif ratio by regulating the 
effective back pressure on gas lift wells is fully as important as controlling the 
gew-oil ratio in natural flowing wells. Many operators have thought that the 
successful operation of gas-lift wells consisted in flowing them in such a manner 
as to obtain the greatest possible present daily oil production. Records of a num¬ 
ber of wells show that when the gas-lift is applied without regard to the degree 

'' How to Increase Oil Recovery and Conserve Gas in the field *, p. 4. 

D 2 
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of back pi'essure necessary for efficient oil recovery and only for the purpose of 
obtaining a large present increase in oil production, the results are usually a large 
increase in gas-oil ratio and a rapid decline in oil production.’ 

Plate 13. Fig. 1. ‘ is a segment of a daily production graph of a well in this 
Brea Field, Oalifomia, which was flowing naturally against a one-inch bean until 
April 8th, 1927. Because the natural flow became erratic, tubing was lowered 
and the weU flowed through casing with the gas-lift. The back pressure on the 
oil sand was decreased from over 200 lbs. per square inch to less than 140 lbs. per 
square inch. The oil production of the well was practically doubled for a week or 
so. However, the gas-oil ratio increased from 3,300 to 4,400 cubic feet per barrel 
and a decline in oil production set in at a very rapid rate, as may be seen from ’ 

Plate 13, Fig. 1. 

‘ Compare this result with that obtained in a well in the Dominguez field, illus¬ 
trated in ’ Plato 13. Fig. 2. ‘ This latter well was flowing naturally at the rat(^ 

of 580 barrels per day in December 1926, but in January and February 
1927, declined at an abnormal rate, indicating the need for gas-lift assistance, 
two and one-half inch tubing which had been hanging at 3,734 feet was removed 
and 4,207 feet of 3-inch tubing was run on February 13th, 1927. The well 
was put on gas-lift, the flow being directed through the tubing. Oil production 
inoioased at once to 750 barrels per day, which was an increase almost as 
large, proportionally as that obtained in the well shown in’ Plate 13. Fig. 1. 
' In contrast with the results obtained with the Brea well, the oil production of 
this Dominguez well continued at this high level for a period of over two 
months and then declined very slowly. Accompanying this change in flowing 
methods was a decrease in the gas-oil ratio as shown in’ Fig. 2. ‘This well 
illustrates the beneficial effects that may be obtained when flowing with 
gas-lift, provided thought is given to the control of back pressure on the oil 
sand. It is recommended that operators using the gas-lift, experiment with their 
wells in order to obtain the lowest possible gas-oil ratio. Although this may 
result in a slightly lower initial daily production with the gets-lift than could be 
obtained by a flowing well without restraint, the small initial loss will be exceeded 
by the sustained production of the well latei on. Different tubing depths or the 
use of different sized tubing, as well as the use of trap pressure, of flow beana, or 
of variations in volume of circulated gas, afford means of controlling gas-oil ratios 
in gas-lilt wells.’ 

The extent to which back pressure can be applied to wells that 
require pumping depends on the degree of pressure depletion in the 
reservoir, and therefore on the age of the wells 
pumping extent to which proper pressure control 

has been applied to them in the early producing 
years of their life. There are sufficient data available, however, to 
show that back pressure can be applied to wells that have to 
be pumped with beneficial results particularly in the earlier 
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stages. Writing on this subject in 1924 Swigart ^ and Bopp 
state :— 

* Fairly high back pressures can be held on many pumping wells without out* 
ting down their oil production and back pressures (gauge pressure plus fluid 
pressure) that approach closely the potential rook pressure of the reservoir can 
be held on some wells at a sacrifloc of only small percentages of their present 
daily productions. Back pressures that seem most effective in increasing the 
efficiency of oil recovery by cutting down the number of cubic feet of gas per 
barrel of oil are those that affect the present daily oil production noticeably. 
To a certain limit, the higher the back pressure the higher the efficiency of 
production ; that is, the reduction in cubic feet of gas per barrel of oil becorai s 
larger with every increase in pressure. However, if the differential pres8ur(' 
becomes so small that the oil production is out 50 per cent, or more tho 
efficiency of recovery may be less than at somewhat *=1 mailer back pressures (caus¬ 
ing larger differentials), which permit a larger daily production of oil.’ 

More recently, in their report on ‘ How to Increase Oil Re¬ 
covery and Conserve Gas in the Field', ^ a committee of California 
operators wrote as follows :— 

‘ There are several thousand pumping wells in the state of California which 
together produce a large quantity of natural gas. With the exception of a few 
wells that have been subjected to experimental work, these pumping wells pro¬ 
duce without any attempt being mode to control their gas production. However, 
the experimental work which has been carried on indicates that many times very 
substantial reductions in gas production can be made by proper control of back 
pressures, and frequently this control can be applied without serious loss in pre¬ 
sent daily oil production, and with a resultant arrested decline which will be re¬ 
flected in increased oil recovery. 

Back pressure on a pumping well can be regulated either by means of a tight 
casing head making possible the holding of gas pressure on the casing, or by means 
of adjusting the tubing depth. The tubing depth method of controlling gas-oil 
ratios may be effective, but is more difficult to apply than the holding of gas pres¬ 
sure on the casing, because changing tubing depth does not permit the operator 
to know the exact amount of change in back pressure on the sands. Also, every 
change of back pressure by this method involves removing the well-head ffttings 
and actually raising or lowering the tubing. Adjustment of back pressure by 
means of gas pressure in the casing may be obteoned simply through the operation 
of a valve or the use of a flow bean on the blow-off-line from the casinghead. A 
pressure gauge on the casing gives a direct measurement of the ( liange in l'a(k 
pressure. 

The holding of gas pressure on the casinghead frequently causes trouble through 
gas-looking of the pumping valves, a difficulty which, unless it is detected and 
overcome, may result in abnormally low oil production, because the pump will 

' Swigart, T. E. and Bopp, C. R.—* Experiments in the use of Back Pressures on 
Oil WeDr, United States Bureau of Mines Teohnioal paper No. 322, pp. 68 and 69. 

* Op^ pp. 6 and 6. 
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not pomp down the fluid that has entered the well. This oauses low daily oil pro¬ 
duction because of the failure of the pump to lift steadily and because the fluid 
level will rise and exert a greater back pressure on the sande than that indicated 
by the pressure gauge on the casing. Experienced production men readily detect 
gas-locking and correct it by means of gas anchors, by spacing the pump valves, 
and by other measures. However, unl^s this gas-locking is detected and cor¬ 
rected, low daily oil production may lead to erroneous conclusions regarding the 
actual potential production of the well against a given back pressure.* 

Plate 14 ^is the daily production graph for a pumping well in the Dominguez 
field that had an extremely high gas-oil ratio. When pumping with atmospheric 
pr^sure on the casing, the well had a daily production of 45 barrels of oil and 
600,000 cubic feet of gas. By experimenting with different casing pressures, as 
shown on the graph the investigators found that by holding 40 pounds per squaie 
inch pressure on the casing it was possible to produce 60 barrels per day of oil 
with only 460,000 cubic feet per day of gas. This reduced the gas-oil ratio from 
approximately 11,000 cubic feet per barrel to about 8,700 cubic feet per barrel. 

The adjustment of back pressure was obtained by using a small bean in the 
casinghead to bleed the gas to the desired pressure. The well, being very gaseous, 
gave considerable trouble at first through gas locks in the pump, but this was 
overcome by the use of a good gas anchor and a change in tubing depth. 

Application of gas-oil ratio control to a large group of pumping wells would 
undoubtedly result in a greatly increased ultimate oil production and a substan¬ 
tial reduction in gas production and, therefore, gas surplus. It is thought that 
this field offers exceptional opportunity to the operator who is anxious to increase 
his ultimate revenue.* 

With regard to the method of control of back pressiirc on wells 
that require pumping, there are other disadvantages inherent in the 
tubing depth method not mentioned in the above quotation. This 
method depends on the extent to which the fluid level is allowed 
to rise in the well; by raising the tubing the fluid level is allowed 
to rise to the same extent, but, in the case of wells which are pro¬ 
ducing water as well as oil this raising of the tubing is detrimental, 
as, owing to its higher specific gravity, the water remains at the 
bottom of the well while the oil rises above it. By reducing the 
depth of the tubing in such a well a column of water is allowed to 
stand on the sand. In their Cook and Turberville ‘ pools ’ (Texas), 
the Marland and Rosier Pendleton Oil Companies have, however, 
developed a method of control of back pressure by means of fluid 
levels in which the difficulty is overcome. The wells in these fields 
are pumped by ‘ pumping jacks' activated by a central engine, 
but, by means of a device known as a rod-line multiplier^ the length 
of the stroke on each well is so regulated that the desired quantity 
of fluid is pumped. In this way the wells are continuously pumped 
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from the bottom so that all the water produced is pumped ofE, but 
by restricting the capacity of the pumps, a column of oil is allowed 
to build itself up in the well; the hydrostatic pressure of the column 
being the amount of back pressure on the well. In practice it is 
not necessary to know what that back pressure is ; it is sufficient 
so to adjust the pump capacity that oil is obtained from the well and 
the lowest gas-oil ratio is maintained. The method of operation is 
very inexpensive to instal as the device used to control the length 
of stroke is such as can be made by any field carpenter, and once 
installed the length of the stroke can be adjusted merely by dis¬ 
connecting the shackle line to the well and attaching , it at a 
difierent height on the multiplier. 

It wdll be realised that in all pressure control it will be neces¬ 
sary (.ontinually to reduce the back pressure to correspond to the 
pressure decline in the reservoir, in order to 
rec^veiT*^*^ nie<hods of nuj^y^tain the pressure difl'erential essential foi 
production. This process will ultimately bring 
us to th(‘ stage wlien the well ceases to yield economic production at 
atmospheric ])rGssure. It will then be necessary to resort to some 
secondary method of recovery, of w^hich, the two most important at 
the present time are production under vacuum and repressu^mg. 
Other secondary methods of recovery are flooding and mining. 
Of these the former is thought to be inappropriate to conditions 
in the major fields of Burma, while mining for oil forms the 
subject of a separate investigation. 

Fundamentally, both production under vacuum and by repressur¬ 
ing depend upon the same principle ; the maintenance of the pres¬ 
sure difiEerential between the formation and the well. When the 
formation pressure has declined to the point where it is so near 
to atmospheric pressure that oil ceases to flow to the well, produc¬ 
tion can be stimulated either by holding some pressure less than 
atmospheric on the well or by restoring the formation pressure by 
the reintroduction of gas or air under pressure. 

In other respects, the effects of the two methods are widely 
divergent, but before dealing with these differences and comparing 
the relative merits of the two processes it is advisable to remove 
a misconception which has existed in the discussion of the vacuum 
question. Many of its critics have affected to see in the vacuum 
method entirely new and unprecedented evils.. The use of vacuum, 
they say, increases gas-oil ratios and is therefore detrimental to 
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ultimate recovery. If by holding any pressure less than atmospheric 
at the well head, the differential pressure between the formation 
and the well is greater than that which is necessary for eflicient 
production, the imposition of this negative pressure, or vacuum as 
it is popularly called, is undoubtedly harmful, but this is no new 
evil. It is no more harmful than holding a correspondingly great 
differential pressure on the well at any other stage in its existence, 
far less so, in fact, than if excessive pressure differentials are per¬ 
mitted in the early life of the well. That a high pressure differen¬ 
tial is less harmful during late stages in the life of a well than in 
early stages is due to two causes—^the greater response to pressure 
control of which wells are capable in their early stages and their 
failure to respond to pressure control later (see page 411) if allowed 
to flow freely in their early life, and the increasingly important 
function of gravity as a factor in production in the later stages 
of the field’s history. 

A general discussion of the use of vacuum is of little signifi" 
cance; the questions that producers have to decide are :— 

(1) Has the reservoir pressure declined to the point where it 

is necessary to hold a pressure less than atmospheric at 
the well head in order to promote the most efficient 
production ? and 

(2) Is the use of vacuum the best method of secondary re¬ 

covery available ? 

Apart from its function in bringing oil to the well, the dissolved 
gas in a reservoir has certain physical effects on the oil itself. The 
most important of these are its effect on the specific gravity, vis¬ 
cosity, and surface tension of the oil, all of which are lowered by 
the solution of gas in the oil. As has been stated above, other 
factors being constant, the amount of dissolved gas is proportional 
to the absolute pressure, so that reduction of pressure, by allow- 
ing gas to come out of solution, tends to increase the specific gravity, 
surface tension, and viscosity of the oil, thereby increasing its inertia 
in the sand. These effects have not been mentioned earlier as 
their importance so far as production of oil is concerned, although 
at the present time imperfectly understood, is believed to be much 
less than that of the primary function of gas in bringing oil to 
the well. It must be remembered, however, that these effects do 
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not oommence only when vacuum is applied, for the cause of these 
effects acts continuously throughout the producing life of the field, 
and the fact that such effects are produced constitutes yet another, 
although possibly a minor, argument for proper pressure control. 

In addition to the increase in the specific gravity, viscosity, and 
surface tension of the oil, due to the liberation of gas from solu¬ 
tion, diminution of pressure raises these values in yet another 
way. Crude oil consists of a series of hydrocarbons that are 
liquid at the temperature and pressures at which they exist 
in the reservoir, but of which the lower members are capable 
of becoming gases by reduction of pressure. The removal of 
these lighter constituents from the oil, by the reduction of pressure, 
also increases the specific gravity, viscosity, and su face tension of 
the oil remaining in the reservoir; but, unlike tht eBcaj)e of gas 
from solution, this denudation of the oil of its lighter constituents 
by evaporation is not proportional to absolute pressure, although it 
is greater at low than at high pressures. 

These aspects are not without significance when one is con¬ 
sidering the relative merits of the use of vacuum and of repressur- 
ing as secondary methods of recovery. Under vacuum, the increase 
in specific gravity, viscosity, and surface tension of the oil that 
has taken place throughout the producing life of the field continues, 
and is further enhanced by evaporation of the lighter constituents of 
the crude oil; whereas by repressuring (in which process gas or air is 
returned to the sand under pressure) not only is this increase arrested, 
but as a result of pressure restoration additional quantities of gas 
are dissolved in the oil, resulting in lowering the specific gravity, 
viscosity, and surface tension, and thereby decreasing instead of 
increasing the inertia of the oil in the sand. 

Another advantage of repressuring over the use of vacuum, is the 
greater differential pressure between the sand and the well that can be 
maintained by the latter method. By the vacuum method, when 
once the reservoir pressure has declined to atmospheric, the maxi¬ 
mum differential pressure that can be held between the formation 
and the <vell is 14*7 lbs. per square inch, corresponding to 30 inches 
of mercury, whereas the differential pressure that can be built 
up by repressuring is limited only by the capacity of the plant 
installed. In this connection, Mr. C. E. Beecher.^ formerly of 

1 Beeoher, 0. E. ‘Petroleum Development and Technology in 1926 \ p. 171, 
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the United States Bureau of Mines, estimates that for the money 
spent on a vacuum plant capable of holding a differential 
pressure of 14 lbs. per square inch, a pressure plant could be 
built and operated capable of holding a difierential pressure of 
160—250 lbs. per square inch. 

The theoretical expectations ol the superiority of repressuring 
to the use of vacuum are abundantly justified by the results obtained 
in actual field practice, and repressuring is now believed by 
American technologists to be the best secondary method of recovery 
in the majority of fields. The application of pressure was studied 
imder a wide range of conditions in Oklahoma, Wyoming, California, 
and Texas ; in all these ])lares tin* application ol ])res8ure was found 
to result in astonishing increases in recovery. Before turning to the 
possibilities of the successlul a])}dieation of this method in the oil 
fields of Burma, a few concrete examples of results obtained in 
American fields are appended. 

This field was discovered in October, 1924 and drilling was carried 
to the economic limit in 1926. The depth and thickness of the sand 
are 1,340 and 12 feet, respectively. The initial 
Results of repressur- average production per well was 70 barrels per 
Archer County?Texag.^ ' day but the production had declined to 5 ban els 
per well by April, 1928. Repressuring was com¬ 
menced by the Marland Oil Co., and its associates in February, 
1926 using air as a repressuring medium. Through five wells 1,120,000 
cubic feet of air per month were injected and production taken 
from 39 wells, the operating pressure on the injection wells being 
36 lbs. per square inch. The immediate result was a flattening 
of the decline curve and a diminution in the water production. 
The introduction of air was continued until the gas at the casing-head 
of the producing wells contained as much as 65 per cent, of air in 
some cases, when it w^as decided to discontinue the use of air and 
substitute wet gas. This change was followed by a slight decline due 
to the fact that the volume of gas circulated was not equal to the 
volume of air previously injected. The quantity of gas, however, 
gradually increased and the net increase in nil recovery attributed 
to repressuring operations up to May, 1928 is estimated at 328,600 
barrels; the production per well at that time being 13 barrels as 
compared with 5 barrels per well in the portions of the field in 
which renewal of pressure was not carried out. The production 
graph of this property is shown on Plate 15. 
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Tlie Wiser Oil Company are employing dry gas in many 
properties, operating at pressures ranging from 40—275 lbs. per 

Results of the Wiser inch. In one instance only have they 

Oil Company’s repres- been unsuccessful and in that instance a pressure 
suring In ^Bartlesville of 250 lbs. was insufficient to force gas into the 
sand properties. formation and, this being the limit of the capacity 

of the plant, the attempt was abandoned in view of the cost high 
of installing a more powerful plant and of the present low price of oil. 
In other properties the actual increase in production as a result of 
similar operations has varied in the individual wells. Some have 
scarcely been affected while others have yielded as much as 1,000 
per cent, of their previous production. The production of one well 
had increased from one quarter barrel to 25 barrels per day, the 
production from other wells in the same property having increased 
from a quarter to 5 or 6 barrels. 

This (bmpany is now also adopting the practice of repressuring 
on })roperties which had previously been under vacuum. In one 
instance a property producing from the Bartlesville sand had been 
under vacuum for 15 years. The vacuum was then taken off and 
rejiressuring adopted, 30,000 cubic feet of gas per day being injected 
through two pressure wells at a pressure of 145 lbs. per square 
inch. The production of the 13 producing wells rose in eight months 
from an average of 4*8 barrels per well to 13 barrels per well and 
is now (July, 1928) as high as 20 barrels. The cost of operating 
the pressure plant on this property is not appreciably greater than 
that of operating the vacuum plant, while the operating cost per 
barrel of oil recovered is very much reduced. 

On another property the wells were held under 27 inches of 
vacuum in 1925, at the end of that year vacuum was replaced by 
pressure. During the vacuum period in 1925 the daily average 
production of the lease was 123 barrels. Commencing in November, 
1925 a gas-air mixture consisting of 60 per cent, gas and 40 per 
cent, air was injected through 70 pressure wells at pressures 
approximating to 125 lbs. per square inchr In one year the average 
daily production of the lease had risen to 347 barrels and in May, 
1928 was still on the upward trend at 480 barrels. The production 
graph and other particulars relating to this property for the period 
January, 1925 to December, 1927 are given in Plate 16. 

In discussing these two properties the local manager of the 
Wiser Oil Company, expressed the opinion that the use of vacuum 
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had contributed to a much greater recovery than would have been 
obtained by production at pressures in excess of atmospheric, but was 
furthermore of the opinion that the present repressuring projects 
would result in a much greater enhancement of recovery than that 
attributed to the use of vacuum. 

In the illiams Pool field of 172 acres, 69 producing wells each 
having a small initial production were completed at an average depth 
of 280 feet. The average thickness of the sand 
Results of repressur- was originally recorded in the drilling logs 
lag In the Williams as 16 feet, but core drilling and recent five-spot 
completions mdicate a more or less broken, 
lenticular sand body, consisting of shale partings 
and sand members of varying texture and saturation. The thickness 
of the oil-bearing sand probably averages 10 feet. All the wells 
originally selected for returning gas to the formation on this lease 
were later replaced by wells drilled specially for the purpose of 
forcing air into the oil sand and it was not till this was done that 
any appreciable increase in production was obtained. The pool was 
discovered in 1923 and repressuring started in June, 1926. In April, 
1928 there were 61 producing wells and 9 input wells through which 
approximately 560,000 cubic feet of air were delivered daily to the sand 
at pressures varying from 47 to 130 lbs. per square inch. The pre¬ 
dicted normal daily production for the pool, obtained by extending 
the decline curve, was computed in April, 1928 at 92 barrels. The 
actual production at that time was 180 barrels, being an increase 
of 96 per cent, in the daily production, after 22 months during 
which pressure was applied, as compared with results otherwise 
anticipated. 

Twenty million cubic feet of gas per day are now being returned 
to the oil-bearing formation in the Dominguez field by co-operative 
agreement between the Union and Shell Corn- 
Results of gas storage panics. Although this agreement is primarily to 
CaWornia”*”^**** secure gas storage, and the effects on the present 

production of the field are obscured by the 
large increase in operating pressures on the producing wells, the 
effects on the restoration of pressure in the field are of considerable 
interest. 

i Hill, H. B., United States Bureau of Mines, Balias—personal oommnnioatkm from 
an as yet unpublished manusoript. 
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The combined compressor equipment of the two companies con¬ 
sists of nine machines having a total capacity of 22,000,000 cubic 
feet. All the compressors have a maximum working pressure of 
800 lbs. per square inch. The actual injection pressure at the 
10 input wells varies from 450 to 760 lbs. per square inch depend¬ 
ing on the position of the well on the structure and the degree 
of depletion of the original reservoir pressure. 

Speaking at a meeting of the American Petroleum Institute, 
held at Los Angeles on September the 21st, of the effects of this 
co-operative project on the producing wells of the field, Mr. E. W. 
Masters of the Sh(41 Company said: - 

* Gas storage has had a pronounced effect on the majority of producing wells 
of the field and the tendency of gas-lift wells to flow naturally after gas injection 
was started has been especially noticeable. Thirty-seven woUs were being flowed 
by gas-lift before the test began and required a total daily dry gas circulation of 
9,220,000 cubic feet. On September Ist, the total number of wells on gas-lift 
had been reduced to 19, so that 18 wells are now flowing naturally again without 
the assistance of dry gas circulation. The volume of dry gas circulation has also 
been reduced to 4,268,000 cubic feet by the latter date, representing a pronounced 
saving in operating costs. Moreover, observations indicate that several of the 
remaining gas-lift wells will soon be flowing naturally and this will further reduce 
operating costs.’ 

The table 1 elow 

‘ lists influenced wells and gives an idea of the effect to date caused by the 
injection of gas and measures taken to prevent increasing daily gas production. 
Before the introduction of gas, pressure in the producing sands had become so low 
that all gas-lift and flowing wells were producing through open tubing. At the 
present time these wells are producing against high back pressures which, in a 
number of oases, exceed the operating pressures of two or three years ago.’ 

Table. Shoioing the Status of Wells in the Dominguez Field Before and After 
the Commencement of Qas Storage, 



bBFOBE 

Injection. 

Aptbu Foub Months Gas Injection. 

Well. 



Tubing 

Casing 



Status, 

pressure j 

pressure 



Ist September, 1928. 

lb. per 

lb. per 




sq. in. 

sq. ill. 

laliender— 

1 




1 

Gas-lift-open-flow . 

Flowing-beaned . 

145 

170 

2 

Flowing-open-flow . 

Fiowing-beaned . 

145 

170 

8 

Gas-lift-open-flow . 

Gas-lift-beaned . 1 

10 

280 

9 

Gos-lift-open-flow . 

Plowing beaned . 

10 

140 

10 

Oos-lift-open-flow . 

Gas-lift 

15 

160 

15 

Gas-lift-beaned 

Flowing-beaned . 

110 

240 

18 

Gas-lift 

i 

Gas-lift 

15 

260 
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Table Showing the Status of WeUa in the Dominguez Field Before and After 
the Commencement of Qas Storage —contd. 



Bepobe 

Injection. 

After Four Months Ga Injection. 

Well. 

iStatus. 

Rtatus, 

1st September, 1928. 

Tubing 
jTessure 
lb. per 
sq. in. 

Casing 
pressure 
lb. per 
sq. in. 

Heilman— 





1 

Oa«»-lift-open-flow . 

Flowing-beanod . 

iK) 

180 


Ga a-lif t-o pen-fl o w 

Flowing.beaned . 

30 

150 

4 

Oas-lift-open-flow . 

Flowing-beaned . 

160 

260 

5 

Gas-lift-open-flow . 

Flowing-beaned . 

1.5.5 

230 

6 

Ga s-lif t-o pe n -fl ow 

Flowing-boaned . 

130 

200 

9 

G as-1 ift-o pe n-fl o w 

Flowing-beanod . 

0 

130 

11 

Gas-lift-open-flow . 

Gaa-lift 

10 

120 

13 

Gaa-lift-open-flow . 

Flowing-beaned . 

26 

170 

Re yea— 





2 

Flowing-open-flow . 

Flowing 

10 

160 

S-B. 

Pumping 

Shut-in 


260 

4 

Pumping 

Shut-in 


260 


Flo wing-open-flow , 

Flowing-beaned . 

100 

270 

8 

Gaa-lift-open-flow . 

Flowing-l>eaned . 

150 

320 

9 

12 

Gaa-lift-open-flow . 

Pumping 

0 

80 

Gaa-lift-open-flow . 

Gaa-lift 

10 

170 

13 

Pumping 

Pumping no back 



14 

Gas-lift-opon-flow 

pressure. 




Plate 17 * is a graph of oil and gas production and the formation gas*oil ratio 
for th^ Callender, Heilman, and Reyes leases during the ye^rs 1926, 1927, and to 
September Ist, 1928, It is interesting to note that although 10 wells were taken 
off production and used as injection wells, 22 other wells are beaned back, and 
4 pumping wells are operating agaimit high back pressure, daily oil production 
from the field is closely following the normal oil decline curve established before 
gas storage was started. Incidentally this proves the effectiveness of reprd'ssur- 
jng in stimulating the production of oil 

Plate 18 illustrates the results obtained by the biggest re¬ 
pressuring project in the United States at the time of my visit 
(August, 1928). This project is being carried out 

Results of repressur- in the Salt Creek field where dry gas, supple- 
ing in the Salt Creek ^ xt j. r i-j. il. I- 

field, Wyoming. mented by the unstable lighter fractions, propane 

and butane, from the gasoline stabilising plants 
is used to build up pressure in the formation. In this field the 
total volume of gas (in round figures) returned to the sand up 
to July Ist, was 11,216,272,000 cubic feet. At the time of my 
visit approximately thirty million cubic feet of gas, of which 2f 
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million consisted of propane and butane, were being injected daily 
through 49 wells at a pressure of 150 lbs. per square inch. The 
estimated increase in daily production due to repressuring after 
twelve months operation amounted to 73 per cent, of the 
anticipated production without repressuring. 


The above examples, typical of a much greater number of re¬ 
pressuring projects studied, are sufficient to illustrate the great 
increases in recovery obtainable by this method and also itfi supe¬ 
riority to vacuum as a secondary method of recovery. 

The majority of American technologists agree that, where it has 
not been prematurely applied, vacuum has resulted in increased 
recovery in many fields, but they are also unanimously agreed that 
the majority of fields, which respond to vacuum, would yield much 
greater increases in recovery if subjected to repressuring. During 
the last decade, vacuum has been extensively employed in the Mid- 
Continent area but, during the last two or three years, the use of 
vacuum has been largely discontinued and its place taken by pressure. 
It is no exaggeration to state that in this area the remaining vacuum 
plants are operated solely for competitive purposes or for gasoline 
extraction. Even for the latter purpose the vacuum system is rapidly 
losing ground as producers believe that the loss of the lighter consti¬ 
tuents from the crude oil and its resultant loss of mobility outweigh 
the revenue derived from gasoline extraction. 

The examples cited above include repressuring with air, dry 
gas, and wet gas, all of which have resulted in large increases of 
recovery. As these various media were employed under widely 
different field conditions, it is impossible to draw from these exam¬ 
ples reliable conclusions as to their relative merits, but it is believed 
by American technologists that wet gas is the most efficient medium 
and ~ air the least. Strong theoretical grounds supporting this belief 
are to be found in the relative solubilities in crude oil of these 
three media, that of wet gas being the greatest and that of air the 
least. The practical difficulties in the use of air also, are sometimes 
considerable. The chief objections to its use are, the corrosion of 
equipment, particularly in wells that are producing water with the 
oil; the greater tendency to the formation of emulsions in such 
wells ; the contamination of fuel gas ; and the explosion hazard in 
the compression of air-gas mixtures. 
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The conditions in the oilfields of Burma, apart from the 
reserves of Twingon and Berne, appear to be such that large in¬ 
creases in recovery may be expected from these 
Possibilities of succm- fields by repressuring. The Burmah Oil Com- 
oilfields of Burma. pany have already experunented with the method 

in the Yenangyaimg field with encouraging 

results and a considerable increase in activities along these lines 
in the areas operated by that company is anticipated. 

As regards the reserves of Twingon and Berne, it is doubtful 
whether the difficulties, consequent on the competitive conditions 
existing there, are not such as to render repressuring impracticable. 
Another factor which would operate against successful repressur- 
ing here, is the prevailing practice of group production. With 
as much as 1,000 feet of perforated pipe in some of the wells in 
the reserves it is inevitable that much of the gas returned to the 
formation would be dissipated in unproductive sands. There 
would, ill fact, be a tendency for the greater part of the gas to enter 
such sands in preference to productive ones, as the pressure in the 
former would normally be less than in the latter and the gas would 
naturally take the path of least resistance. Yet another difficulty 
is the congestion of wells in these areas, a condition which would 
render the prevention of the escape of gas to the wells without it 
bringing with it its quota of oil (always a difficult problem in 
repressuring work) more than usually difficult. These difficulties, 
however, may not prove insuperable and any attempt to secure 
the co-operation of the competing companies for experimental pur¬ 
poses should be encouraged. If this co-operation is not obtain¬ 
able, or if the results of such experiments should prove discourag¬ 
ing, it will be necessary to adopt some other secondary method of 
recovery in these areas. 

If repressuring is definitely impracticable, I am aware of no 
other method, short of underground mining, that is as likely to 
succeed in increasing recovery in these areas as thft application 
of vacuum. The evils of the premature appli- 
Vacutim as an alter- cation of vacuum are fully realised, but ^ere 

native to repressuring in , j i .l- 

the reserves of Twingon be no doubt that its proper application 

and Berne. lias prolonged the economic life of many fields 

and resulted in increased recovery. The con¬ 
ditions obtaining in the reserves ill relation to the repressuring and 
vacuum questions were discussed with many of the leading technole- 
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gists in the States. Without exception they were in agreement that 
the conditions are far from ideal for repressuring, while several 
expressed the opinion that the conditions of high porosity of the 
formation and close spacing of the wells, which characterise these 
areas, are conducive to large increases in recovery under vacuum. 


Illustrations— 

Plate 10.—The formation tester. 

Plate 11. —Graph showing the average relation between the percentage of 
the total oil and total gas recovered ultimately from 6 Cali¬ 
fornian wells. 

Plate 12. —Chart showing relationship between production, size of flow 
nipple and percentage of water. 

Plate 13. —Fig. 1. —Graphs illustrating improper gEts-oil ratio control in a 
Brea gas-lift well. 

^Fig. 2.—Graphs illustrating proper control of gas in a Dominguez 
gas-lift well. 

Plate 14.—Production graph illustrating gas-oil ratio control by means of 
casing pressure in a pumping well in Dominguez field. 

Plate 16.—Graph illustrating results of repressuring with air. Harmcl Pc>ol. 

Plate 16.—Graph illustrating the results of repressuring. Alluwe. 

Plate 17.—Production graph of the Callendar, Heilman and Keyes leases. 
Dominguez HilL California. 

Plate 18,—Composite curve for 19 key wells, showing the daily average 
production for surrounding wells per key weli 


9 
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On some Undescribed Freshwater Molluscs from 
VARIOUS parts of INDIA AND BURMA * BY B. 
Prashad, D.Sc., F.R.S.E., F.A.S.B., Superintendent, 
Zoological Survey of India. (With Plate 19.) 

This short paper deals with a number of freshwater (Jastropod 
and Pelecypod fossils which liave been from time to time, sub¬ 
mitted to me for report by the autliorities of the Geological Survey 
of India and Mr. F. E. Eames of the Burmah Oil Company. The 
different species arc of no special interest from the geological point 
of view, but to some extent help in understanding tlie distribution 
and relationships of the recent to the fossil forms. 

I have to express here my thanks to the authorities of the Geolo¬ 
gical Survey of India for giving me tlie opportunity of examining 
these interesting fossils, and am also indebted to Mr. F. E. Eames 
for the privilege of describing the two fossil Unionids from Burma. 
The types of the new species are all preserved in the collections of 
the Geological Survey of India, Indian Museum, Calcutta. 

Family: VIVIPARIDAE. 

This family is represented by a new species of the genus Yiviparus 
Montford, which was collected by Mr. S. M. Hasan, Engineer-in- 
charge of the new Nerbudda Bridge, from the debris raised while 
sinking foundation-wells for the bridge. The bridge is on the Jubbul- 
pore-Itarsi branch of the Great Indian Perinsula Railway, and is 
situated about 23-^ miles south-west of Jubbulpore, with an approxi¬ 
mate latitude of 23°N. and a longitude of 79° 24'E. The sEells, 
according to the collector, ‘ were found in the set of wells inside the 
north bank, at about 18 feet below the river bed or about 50 feet 
below the natural ground at the place. The marked difference in 
the geological formation at this place and the opposite bank was the 
absence of the conglomerate beds which thinned out from south to 
north and the presence of good clay’. The specimens were handed 
over to Mr. H. Crookshank of the Geological Survey of India, who 
forwarded them to me for report. Two of the specimens are only 

* Publiihed by permianon of the Director, Zoological Surrey of India. 
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oasts of shells, while the third is a fairly well preserved yoiing shell 
embedded in a clayey matrix. They repreeeBt an undescribed 
species of the genus Viviparus, which is allied to the recent V, 
dissimilis (Miiller)^, and to some extent to the Intertrappean 
F. normalis (Hislop).* The species is described below under the 
name F. hasani. 


ViVIPARUS HASANI, Sp. BOV. 

The species is of medium size, the largest cast in the series collected 
not exceeding 24 mm. in length. The shell is conical-ovoid, sobd 
and with the surface almost smooth. It consists of three to four 
whorls, but the apex, which is eroded, must have consisted in addi¬ 
tion of one to one and a half whorls. The spire is elongate, conical, 
more than half the length of the shell. The suture, which is markedly 
oblique, is moderately impressed. The whorls are a little oblique, 
not greatly swollen, and increase gradually in size. The body- 
whorl, as seen in dorsal view, is somewhat rhomboidal in outline, 
though it becomes much wider from about the middle towards the 
aperture. The aperture is not complete in any of the specimens, 
but appears to be somewhat ovoid. The shell is umbilicatc, but 
the columella is not well developed. The complete young shell is 
dirty white in colour. 


Measurements (in millimetres). 



Holotypo. 


Total length ..11*8 

23 

|14 

Maximum diameter . • • • 10 

17*8 

^12 

Height of aperture . 

11 

8 

Maximum diameter of aperture 

8*9 

7*6 


Remarks :—The relationships and provenance of the species have 
been discussed above, and it is only necessary to add that it is geolo¬ 
gically not very old. Its age is probably the same as that of the 
type from the Nerbudda alluvial deposits described as Vivipara 
bengalensis (Lamarck) by Annandale.® 

' For an aooount of this speoies see Preston, Faun, Brit. Ind., Freshw, p. 

87, (London, 1015). 

•Hlslop, Quart. Joum. Oeol. Soc. London, XVI, p. 166, pi. v, figs. iJa, 2b, (1860). 
See also Aiwhad, Mem. Ind. Mus., VIII, p. 192, (1928). 

* Annandale, Bee, Oeol. Sure. Ind,, LI, p. 366, (1921). 

B 2 
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Family: UNIONIDAE. 

Lamellidens SimpsoD. 

1900. LameUidma, Simpson, Proc, U, 8. Nat. Mus., XXIT, p. 854. 

1915. Lamdlidens, Simpson, Descr. Cat. Naiades, p. 1165. 

1927. LameUidens, Prashad, Rec. Oeol. 8urv. Ind., LX, p. 308. 

The genus LameUidens Simpson comprises a number of closely 
allied species of Unionidae which are widely distributed in India 
and Burma. The recent species of the genus are catalogued in 
Simpson’s invaluable work cited above, while references to the 
fossil species from different parts of India are included in my paper 
referred to above. 

In the collection under report the genus is represented by four 
forms, two from Burma and two from the Siwaliks in the Punjab. 
Unfortunately the fossils from the Siwaliks are represented by casts 
only, while one of the very interesting types from Burma consists 
of only a single incomplete shell. In no case it is possible to study 
the hiuge of the species, but I have no doubt whatsoever about the 
generic position of the different forms. In the case of the Burmese 
forms, further, the age of the strata from which the fossils were 
collected, was not determined. In view of what has been stated 
above I have not, except in one case, thought it desirable to give 
any specific names to the various forms, but publish photographs 
of the different types for future reference. 


Lambllidens proctori, sp. nov. 

(Plate 19, figs. 4-7.) 

This new species of the genus LarmUidens, which I associate 
with the name of the collector, Mr. E. Proctor, is the first undoubted 
species of the genus LameUidens to be found as a fossil in Burma ; 
the generic position of the species LameUidens (?) quadratics Annan- 
dale is, as the author ^ remarked, ' doubtful and could not be 
ascertained without examination of the hinges\ 

The species may be described as follows:— 

Shell of medium size, elongate-elliptical, rather thin, compressed, 
very inequilateral, posteriorly elongated and with a narrow, greatly 


^ P;. Anoandale, Bee, Oeol, 8wrv, Ind,, LV, p. 103, (1928). 
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compressed posterior wiag marked o£E by a low but prominent ridge. 
Surface almost smooth ; showing only traces of lines cf growth. 
Umbonal region in anterior half of shell; beaks not at all swollen 
or prominent, without any sculpture. Dorsal outline nearly straight, 
running gradually into the evenly rounded anterior end; ventral 
outline somewhat arched, except in its posterior third where it 
curves abruptly to form the ventral margin of the posterior beak. 
Periostracal colour in the three specimens varies from ashy grey to 
metallic greyish brown. Hinge unknown. 

Locality:—Three shells of this species were collected by Mr. E. 
Proctor on 23rd March 1928, at Peg. No. 45 in a small tributary of 
Thapan Choung, a branch of Yu River in the Yenan area, Upper 
Chindwin. 


Measurements (in millimetres). 

Holotype Paratype C 

Length. 24-8 47*2 56-4 

Maximum breadth . • . . . 13*5 

Height. 20*2 22*4 27*5 

I have selected the smallest specimen as the holotype as it is 
the most complete of the three specimens available ; tlie other two 
specimens are greatly compressed and do not show the true form of 
the species. 

Remarks :— L, proctori is closely alhed to the recent species 
L. corrianus (Lea),^ but is distinguished by its shape and the form 
and situation of the umbones. I have no doubt that all the three 
specimens, which I refer to this species, are conspecific, and the 

differences in their form are due to distortion during the process of 
fossilisation. 


Lamellibens sp. 

(Plate 19, figs. 8, 9.) 

The fossil, which I record here as Lamdlidens sp. and photo¬ 
graphs of which are reproduced as figures 8, 9 on Plate 19, is 
represented by a single incomplete shell from the same locality as 
the form described above under the name Z. proctori. 


^ Set Simpson, Bosor. Oat* Naiaim, p, 1176, (1916). 
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In the only available fossil the two valves ate closely compressed 
together, and it is not possible to study the hinge of the species. 
The umbonal area and the posterior wing more particularly in the 
left valve are, however, well preserved, and even though it is not 
possible to be certain about the exact shape of the species, I have 
little doubt that the form under consideration belongs to the genus 
Lamdlidens, and is of the group of species L. generosus (Gould)^ 
which is dominant in Burma. The characters, which confirm this 
conclusion, are the very forwardly placed, greatly compressed and 
not at all prominent umbones and the well developed posterior wing. 


Lambllidens sp. 

(Plate 19, figs, 10, 11.) 

A largo number of casts (14,789—14,790) of a species of the 
genus LaineUidens were collected by Dr. G. E. Pilgrim from strata 
of the Middle Siwalik age at Asnot, Salt Range and at Mithrala, 
Attock District (Dhok Pathan zone) in the Punjab. Unfortunately 
none of the specimens is complete and it is not possible, therefore, 
to be definite about the specific identification of the mussel in ques¬ 
tion. It comes close to the species L. jammuensis Prashad, which 
was described by me ® from the Siwaliks near Nagrota, Jammu, 
and which I assigned to the Upper Siwalik period. 

For future reference I publish photographs of two of the casts. 


Lameludens sp. 

(Plate 19, figs. 12,13.) 

Two lots of casts. Nos. 14,791 from Chinji, Salt Range, and 
14,792 from near Chinji, Salt Range, from Lower Siwalik strata, 
collected by Dr. G. E. Pilgrim, are also not possible to identify 
specifically. They differ from the species from the Middle Siwalik 
strata referred to above, and are probably distinct from it. The 
distinguishing features of this form, so far as can be judged from the 
oasts available, are the much smaller size, the prominent and muoh 
more tumid umbones and the less elongated beak area. 

1 See Pfaahad, Eec. Ind, Mus., XXIV, p. 107, pi. ii, figs. 12-17, (1922). 

• Prashad, Bee. Otol, 8urv. Ind., LX, p. 309, pi. xxv, fig, 1, (1927). 
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EXPLAN^iTION OF PLATE. 

All the lij^ures are repro<lueed natural size, from direot photo¬ 
graphs of the spocimons. 

VlVIPARUS HASANI, sp HOV. 

Kig. 1.—Holotypo embedded in a clayey matrix (14,783 ) 

Figs,— 2, 3.—CaRts of two shells. (14,784—14,785.) 

Lamellidens proctori, sp. nov. 

Figs. 4, 5. —Right and left valves of the Holotype. (14,780.) 

Figs. 0, 7.—Right and loft valves of another specimen. (14,787.) 

Lamellidens sp. 

Figs. S, 9.—Right and left valves of a species of L. generosvs group (14,788.) 

Lamellidens sp. 

Figs. 10, 11.—Right and left valves of casts of a species near L, jammutneis from 
the Middle Siwaliks collected at Mithrala, Attock District. 
(14,789- 14,790.) 


Lamellidens sp. 

Figs. 12, 1.3.— Left valves of casts of two specimens from Lower Siwahks collected 
near Oliinji, Salt Range. (14,791—14,792.) 
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Second Note on the North-West Himalayan Earth¬ 
quake OF THE 1ST February, 1929. By A- L. 
Coulson, M.Sc., D.I.C., F.G.Sm y^ssistant Superin- 
tendenU Geolo^cal Survey of India, 

I. INTODUCTION. 

Since the publication of the author’s previous paper concerning 
the epicentre of the North-West Himalayan Earthquake of the 1st 
February, 1929,^ additional instrumental 
informa- records of the earthquake have been received 
from the observatories at Colombo and Dehra 
Dun. The first note was written with the idea of drawing attention 
to this shock and with a view to obtaining additional information. 
This was successful inasmuch as it resulted in the receipt of the 
valuable records from Dehra Dun. With the aid of the additional 
information, a more complete study of the records has been under¬ 
taken ; this is embodied in the following paper, which also contains, 
for ready reference, many of the details given in the previous paper. 

II. POSITION OF THE EPICENTRE. 

The observers’ reports of the earthquake indicated that the 
epicentral tract lay in the area between Drosh, Rawalpindi, Peshawar, 
Srinagar and Gurais.* For the purpose 

Position near the of analysing the previous instrumental records, 
frontier between Buner • . , , , . -i 

and Hazara. the epicentre was taken as bemg some 25 miles 

north-west of Abbottabad on the junction 

between Buner and Hazara. This position is still adopted in the 

present paper and lies approximately 405 miles (650 km.j from 

Dehra Dun; 1,116 miles (1,796 km.) from Colaba (Bombay); 1,270 

miles (2,040 km.) from Alipore (Calcutta); 1,740 n^es (2,800 km.) 

from Kodaikanal; and 1,965 miles (3,150 km.) from Colombo. 

The epicentral tract is a very unstable region.* It is probably 
the most interesting seismic region with which we in India have to 
deal. It is certainly the most critical area in 
***** studies of mountain building in general 

and of the Himalayas in particular.* The 

1 A. L. Coulion, Btc. Oeol, 8urv. Ind., LXII, pp. 279-289, (1930). 

* Ibid., p. 281. 

• F, de MonteMos de BaUore, Mem. Qeol. 8urv. Ind., XXXV, p. 6, (1904). 

*Not«byDr.as.Fox. 
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orographic axes of the Himalayas sweep round with a marked change 
of direction and are accompanied by faulting, the structural rela¬ 
tions being very complicated. The Himalayan folds here ‘ appear 
to have resulted from a thrust southward against the bows of a 
horst of the Archaean peninsula. Frequent small slips along thrust 
planes inclined (dipping) gently N.N.W. are to be expected in this 
region.’^ This is borne out by the recording]^of distinct shocks 
in the 12 months immediately preceding the shock of the 1st 
February.* Unfortunately, however, it was not possible for an 
officer of the Geological Survey of India to examine the epicentral 
tract. Had an inspection been possible, much additional informa¬ 
tion would doubtlessly have been obtained. 

Very little information concerning the geological nature of the 
country along the borders of Bimer and Hazara is available. Middle- 
miss * has described the geology of Hazara 

CO ogica notes. Black Mountain and shows the region 

in the vicinity of the border as being composed of gneissose and 
schistose crystalline and metamorphic rocks. He places their age 
as Palaeozoic or older,^ but on the latest geological map of India 
(at present in course of publication), the rocks are termed ‘ unclassi¬ 
fied crystallines, gneisses, etc.’ On this same map and on Middle- 
miss’ map, the Buner country is left uncoloured. 


HI. INSTRUMENTAL RECORDS. 


The records received from Colombo gave in Indian Standard 
Time ® the times of the different phases of the 
shock as under :— 


Colombo. 



Day. 

Hour. 

Minute. 

Second. 

p . 

. 1 

22 

60 

21 

s . 

. 1 

22 

64 

23 

L . 

. 1 

22 

66 

41 

M . 

. 1 

23 

3 

83 

F . 

. 2 

1 

36 

.. 


Amplitude, 19*6 mm. 

PaTime of oommenoement of First Preliminary Tremors. 
fieaTime of oommenoement of Seoond Preliminary Tremors. 
LrsTime of oommenoement of Long Waves. 

MnTime of Biaximum Movement. 

F*»End of Shook. 


^ Notes by Dr. 0. S. Pox. 

* Ooulson, op, ctf., pp. 288, 289. 

* Mem, Qtol, 8urv, ind,, XXVI, pp. 1-302, (1896). 

« Jbid., p. 9 (Uble). 

* India^ Standard Time is 5 hours 30 minutes ahead of Greenwich Mean Time. Unless 
otherwise stated, ail times given in this jpaper correspond with Indian Standard Time. 
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The actual time for S given by the Colombo observatory was 

22 hours 51 minutes 21 seconds. However, if one considers the time 
intervals between P, S and L utilising the above time for S, one obtains 
S-P=l minute and L-P=6 minutes 20 seconds. The corre¬ 
sponding interval, S-P, for an interval, L-P=6*3 minutes, should 
be about 3-9 minutes according to the generally accepted epicentral 
tables. One can but conclude that the time, S, given by the Colombo 
observatory is incorrect. The time adopted, 8=22 hours 54 minutes 

23 seconds, was calculated by the author from a copy of the seismo- 
grapliic record at Colombo. This gives the more reasonable inter¬ 
val, S-P=4'04 minutes. 

The following information was received from the Geodetic Branch 
Office of the Survey of India at Dehra Dun, where the seismograph 
^ ^ is of Omori type, one pendulum lying east and 

west. Ihe times are according to Indian 
Standard Time and accurate time is stated to be available. 




Day. 

Hour. 

Minute. 

Second. 

Remarks. 

p 


1 

22 

46 

20 

Record distinct. 

6 

• 

1 

22 

47 

00 

M •» 

L 

. 

1 

22 

47 

40 


M 

. 

1 

22 

48 

. • 


F 

, 

2 

6 

,, 

,, 



Estimated distance, 260 miles. 

The eirthquake was termed * Sargodha, Punjab.’ 

F was given as ‘ a))out 0 5 hrs. on 23rd.’, the date ‘ 23rd ’ being an obvious 
typists’s error. 

For ready reference, the details from Colaba, Aliporo and 

^ . Kodaikanal ^ arc given in the following 

Previous records. , ,, ^ ® 


OOLABA. 

ALIPOBB. 


Day. 

Hour. 

Minute. 

Second. 

Day. 

Hour. 

Minute. 

Second. 

8 . 

1 

22 

48 

15 

1 

22 

48 

44 

P . 

1 

22 

50 

31 

1 

22 

51 

7 

L . 

1 

22 

61 

36 

1 

23 

62 

20 

U . 

1 

22 

60 

60 

1 

23 

52 

46 

F . 

2 

0 

87 

•• 

1 

23 

53 

81 


Kodaikanal. 


Day. Hour. Minute. Second. 


1 22 52 24 

1 22 55 18 

1 23 2 0 

2 0 7 54 


* Oonlion, op. cU„ pp. 282.285. 







Part 4.] Ooulson : North-West Himalayan Earthquake. 


437 


IV. ANALYSIS OF THE RECORDS. 

It was shown ^ that the usual methods of locating the epicentre 
gave impossible results from the records at Colaba, Alipore and 
Kodaikanal. The additional records from 
Imposgible Colombo give equally impos¬ 

sible results as will be seen from the following 
brief study of the time intervals between the various phases, P, S 
and L. 

If one utilises the interval, L-P=6 minutes 20 seconds, for 
Colombo, epicentral tables indicate that the epicentral distance of 
this earthquake from Colombo is 21f°, or 
Diin.****”*^° ^^*'*^* roughly 1,616 miles ; whereas the distance from 

the supposed epicentre to Colombo is 
1,965 miles. Similarly, assuming the correctness of the time phases 
given by the Survey of India, the epicentral distance of the earth¬ 
quake from Dehra Dun can be calculated from the interval, S - P, as 
260 miles and from the interval, L - P, as 375 miles. The distance 
of Dehra Dun from the supposed epicentre is approximately 405 
miles. 

Thus there are large differences in the position of the epicentre 
when this is calculated by epicentral tables and when inferred from 
observers’ reports. One must assume the 
Epicentre indicated by latter to be correct. For instance, when 
sumcd^to be^direct”' calculated from the records of Colaba, 
Alipore and Kodaikanal, assuming the long 
or surface waves (Rayleigh waves) had a velocity of 3-8 kilometres 
per second, the epicentre was indicated as being near Dholpur 
but no reports of the ocourrence of any sensible shock were received 
from Dholpur. 

The epicentral tables used in the calculations are based, as 
regards L - P, on the assumption of a velocity of 3*8 km. per second 
for the long waves, the usual velocity of the 

u ^n*^obierviitt^i **of waves.* The intervals, L - P, and S - P, 

nifincrotift MrthQUskcs. and the epicentral distance in the tables have 
been calculated from time observations of 
numerous earthquakes. Accordingly, if any reliance at all is to be 

^ Ooulson, op, c^., p, 287. 

' 0. Klots., BulL Seia, Soc, Amer,, VII, pp. 67-71, (1007) os oited in C. Davison, * A 
Manual of Seismology,’ Cambridge, p. 147, (1921). 
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placed on the time observations of the five recording stations, one 
can but conclude that the usual rates of propagation of the preli¬ 
minary and secondary tremors and the long waves are not ap])li- 
cable to this earthquake of the 1st February, 1929. 

It is not thought possible that the differences in rate are entirely 
due to the effect of depth of focus of the earthquake, though depth 
must influence the rates to a certain extent.^ 

Differences not ex- Xs Davison notes,* ‘ The forms of the time- 
plained by depth of - • j- j i i 

focus, curves for individual earthquakes vary 

within certain narrow limits, the variation 

depending partly on the depth of the focus, partly perhaps on the 

paths traversed by the waves.’ 

In the author’s previous paper,* an investigation was made of 
the paths of the long or surface waves from the position of the sup¬ 
posed epicentre to the recording stations of 
paSg"*‘Jf”the" J«vm! Colaba, AUpore and Kodaikanal. It was 
assumed that the long waves had a velocity 
of 3*8 kilometres per second in ‘ rock ’ and their velocity in ‘ allu¬ 
vium ’ was calculated by considering the paths to the three recording 
stations as consisting of a definite amount of rock with the remainder 
alluvium. The previous results are given in the following tables, 
together with those obtained from a consideration of the path to 
Dehra Dun, compared with that to Colaba and, also, that to 
Alipore:— 


Eeoording station. 

Epioentral 
distance in 
kilometres. 

Alluvium 

in 

kilometres. 

Rook 

in 

kilometres. 

L 

Minute. 

Seoond. 

Dehra Dun 

• 

• 

650 

50 

600 

47 

40 

Colaba . 

• 

. 1 

1,795 

815 

080 

51 

36 

Alipore . 

e 

• 

2,040 

625 

1,415 

52 

20 

Kodaikanal . 

• 

• 

2,800 

710 

2,090 

55 

18 


1 H* Jeffreys, ‘ The Earth,* Cambridge, pp. 135-136, (1929). 

* O, Davisom, * A Manual of Seismology,' Cambridge, p. 145, (1029). 

* Op. pp. 286-287. 
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A. 

B. 

0. 

D. 

E. 

Alluvium in kilometrea 

Rook in kilometres 

Time interval in seconds 
Velooity in alluvium in kilo¬ 
metres per second. 

+765 

+380 

236 

5^6 

+575 

+815 

280 

8*8 

—190 

+436 

44 

2*7 

—105 
+ 1,110 
222 
1*5 

+85 
+ 676 
178 
23P 


The figiires in each of the oolunms, A to E, are derived from a 
study of each of the following pairs of stations, respectively;— 


A. Colaba and Dehra Don. 

B. Alipore and Dehra Don. 

0. Alipore and Colaba. 

D. Kodaikanal and Colaba* 

E. Kodaikanal and Alipore. 

The plus sign denotes that the length of the portion of the path 
to the first-named station lying in alluvium or rock exceeds the 
length of the portion of the path to the last-named station through the 
same medium by the amount stated. Thus for C, the path to Alipore 
traverses 190 kilometres less alluvium and 436 kilometres more 
rock than that to Colaba. 

Only five intervals between the times of arrival of the long 
waves, L, at different stations have been considered, but these are 
suflScient to show large differences for the 
Uic of amounts of velocity in alluvium as distinct from rock. 

pI"h‘“Muffldlnrto ei” Accordingly it must be concluded that the 
plain time differences, assumption that the long waves in alluvium 
have a different velocity from the usual velo¬ 
city of 3-8 km. per second, when taken in conjunction with the adop¬ 
tion of the usual velocity in rock, is insufficient to explain the times 
given by the recording stations. 

One may now consider what is the velocity, V, of the 
long waves of this earthquake, assuming that the velocity is 
the same throughout all parts of the paths 
cliy**^”ong" waves! ^ recording stations. The following 

table, which also contains, for ready re¬ 
ference, the results previously obtained for Colaba, Alipore and 
Kodaikanal,* gives the results obtcuned by considering the differ- 

^ Ooulson, op. eft, foolaiota No. 1, p. 287, 

^Ibid., pp. 286-^6, 
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enoes in time of arrival of the long waves at each of the following 
pairs of recording stations:— 


A. B. C. D. E. 

F. 

G. 

H. 

1. 

236 280 468 541 44 

222 

806 

178 

201 

1,146 1,390 2,160 2,600 246 | 

1,005 

1,686 

760 

1,110 

4*8 6-0 4*7 4-6 6*6 

4-6 

4*4 

4*8 

4*2 


Interval in seconds . 

Distance in kilometxee 

Velocity of the long wsi 
km. per second. 


A. Defara Dun and Colaba. 

B. Dehra Dun and Alipore. 

C. Dehra Dun and Kodaikanal. 

D. Delira Dun and Colombo. 

E. Colaba and Alipore. 

F. Colaba and Kodaikanal. 

G. Colaba and Colombo. 

H. Alipore and Kodaikanal. 

I. Alipore and Colombo. 

J. Kodaikanal and Colombo. 

The average of these ten figures for the velocity of the long waves 
is 4*6 kilometres per second. All the results are higher than the 
usual figure of 3*8 kilometres per second. Ac- 
Hisber velocity than cordingly, though the figure of 4-6 is only an 
‘ approximation, one can safely say that the 

long waves in this earthquake had a higher velocity than usual. 

Assuming that the long waves had a velocity of 4*6 kilometres 
per second in all parts of their courses to the recording stations, 
it is a simple matter to calculate a value for the 
Time ol origin oi time of origin of the shock at the epicentre, 0. 
earthquake. following table gives the results so obtained :— 
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The mean of these times is 22 hours 46 minutes 9 seconds Indian 
Standard Time or 17 hours 16 minutes 9 seconds Greenwich Mean 
Time, on the 1st February, 1929. Most of the observing stations 
without instruments gave either 22 hours 46 minutes or slightly 
later times ; and so the calculated time of origin is as well within 
agreement with the observed times as can be expected from in¬ 
accurate observation. 

One may now pass to a consideration of the times, P and S. 
The time L can usually be obtained from the rern^rds with greater 
accuracy than either P or S. So the time of origin 
First preliminary been obtained from the times of arrival 

of the long waves and not from either the 
first or second preliminary tremors. Assuming that the time of 
origin was 22 hours 45 minutes 9 seconds, one obtains the following 
figures for Vj, the mean velocities of the first preliminary tremors :— 



P 


Interval P-0 

Epicentral 
distance in 

1 V, 

Observing station. ' 

I 

Minute. 

Second. 

Minute. 

Second. 

Miles. 

Degrees. 

km. p>er 

1 sec. 

Debra Dun . 

46 

20 

1 

11 

406 

1 

6 - 8 ® 

9-2 

Colaba 

48 

16 

3 

6 

1,115 

15 ' 9 ° 

1 1 

9*7 

Aliporc 

48 

44 

3 

35 

1,270 

1 1 
i 

9*5 

Kiflaikana! . 

1 

• 


•• 

•• 

1.740 

j 24 -»“ 

•• 

Colombo . , 

50 

21 

5 

12 

1,066 

j 27 - 0 '> 

10-1 


The mean velocities of the first preliminary tremors arc higher 
than usual and except for the discordance between Aliporc and 
Colaba, increjvse with arcual distances, as is to be expected. The 
velocity of 10*1 kilometres per second for an arcual distance of 28° 
may be compared with the usual velocity of 10-9 kilometres per 
second for an -arcual distance of 60°.^ 


^ Daviion, op. p. 147. 
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Similarly the mean velocities, V* of the 
Second preUmlnary second preliminary tremors may be determined 
with the results given in the following table :— 


Obaerving station. 

1 8 

1 . _ 

Interval 

S-0 

Epicentral 
distance in 
degrees. 

V. 

km. per sec. 

Minute. 

Second. 

Minute. 

Second. 

Dehra Dun 

47 

00 

1 

61 

GO 

o 

6*9 

Colaba . 

60 

31 

6 

22 

16'9° 

6*6 

Alipore . 

61 

7 

6 

68 

18*1® 

6-7 

Kodaikanal 

62 

24 

7 

16 

24*9® 

6-4 

Colombo 

64 

23 

9 

14 

27*9® 

6*7 


These velocities do not consistently increase with arcual distances 
though they are alike in being higher than usual. For instance, 
Davison ^ gives the velocity of 4*8 kilometres per second for an 
arcual distance of 30®. The discordance may be due to the fact that 
other compressional and distortional pulses are present and that 
those have confused the interpretation of the seismograms.* 


V. SUMMARY AND CONCLUSIONS. 

1. Instrumental records from Dehra Dun and Colombo regarding 
the earthquake of the 1st February, 1929, have been given. 

2. These additional records and the previous records from Colaba, 
Alipore and Kodaikanal have been analysed and found to show a 
distinct abnormality compared with the usual results obtamed in 
the study of earthquakes. The usually adopted velocity for the 
long or surface waves of 3*8 kilometres per second does not hold in 
this earthquake. 

3. The assumption that the long waves have a different velocity 
in alluvium from that in rook, taken in conjunction with the adop¬ 
tion of the usual velocity for their propagation in rock, does not 
explain the time differences in the records, 

^ DaTifon, op. oii,, 147. 

op. 99* 
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4. It ia concluded tliat the long waves of this earthquake have 
the relatively high velocity of approximately 4*6 kilometres per 
second. 

6. Adopting this velocity, the time of origin of the dhock at the 
epicentre has been calculated as 22 hours 45 minutes 9 seconds Indian 
Standard Time, or 17 hours 15 minutes 9 seconds Greenwich Mean 
Time on the Ist February, 1929. 

6. The first and second preliminary tremors also have a higher 
velocity than is usual, the velocity of the former increasing com¬ 
paratively regularly with arcual distance. 


P 
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MISCELLANEOUS NOTES. 

Tremolite from near Jasidih, Bihar. 

In May, 1927, Babu Pannalal Jogannatb, of Katrasgarh, East India 
Railway, brought certain amphibolitic material to the Geological Survey 
of India for identification, its locality of origin being given as near the 
viUages of Ghogh (24° 32' 46'': 86° 38' 12") and Dhawani (24° 30': 86° 39' 
16"), close to Jasidih, Santal Parganas, Bihar. Exact details of the field 
occurrence could not be furnished, but the sequence from highest to lowest 
was as follows :— 

]. Tremolite with a small amount of a talcose mineral and a little iron 
oxide and ? rutile. 

2 , Tremolite with more talcose mineral and iron oxide and a little 

? rutile. 

3. Tremolite, with quartz. 

The abundance, purity and coarseness of the tremolite apj»eared to increase 
with depth. 

In October, 1927, similar material was also brought to this Department, 
this time by Mrs. R. Hay of the Jasidih Mineral Co., Jasidih, the locality, 
however, being given as ‘ near Jasidih’. This material is regislored in the 
rock collection of the Geological Survey of India as Nos. 37/740 (18146), 
31/741 (18146), 37/742 and 37/743, the numbers of the microscope slidf^s 
being given in parenthesis. 

In February, 1928, the following analysis (I) by Messrs. J. and R. 
Hutchison of a so-called * silica sand ’ was forwarded by the Jasidih Mineral 
Co. to this Department for interpretation :■— 



T. 

If. 









Per cent. 

Per cent. 

SiO, . 








68*60 

£17-69 

TiO, . 









0*14 

^1^8 • 








*2-82 

1*80 

Pe.Oj . 
PeO 

• 







j »•«» 1 

0-00 

0-65 

MnO 








trace 

trace 

MgO 








23-28 

24-12 

CaO 

. 

• 






13-58 

13-19 

K.|U • 

• 

• 







0-22 

Na.O . 

H,0 . 

• 

• 






nil 

0-48 

1-66 

F . 

• 

• 






.. 

0-37 







Total 


09-78 

100*22 

Deduct oxygen equivalent of fluorine 





0*16 



--- 



.MM 




100-07 
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In the analysis received, iron was specified as ‘ iron oxide ’ and ' ignition ‘ 
was given as nil. The analysis in column II is that of a tremolite from Lee, 
Mass., U. S. A.^, and it can clearly be seen that the so-called ‘ silica sand ’ 
is a practically pure tremolite. Repeated requests for a sample of the 
material analysed met with no response. Hence, although the analysis 
is of interest, it has not the same value as would attach to it were one certain 
that it applied to the tremolite registered in the collections of this Depart¬ 
ment ; for upon the latter the physical data given below have been deter¬ 
mined. 

The specific gravity of the tremolite from Jasidih is 3*05. It is pale 
green in colour ; and very brittle, due to the high development of the cleavage 
(110). When sections were inclined on a Fedorov stage, minute small twin¬ 
ning lamellee parallel to (001) were visible.* The plane of the optic axes 
lies in the plane of symmetry (010). The angle of extinction, cAc=15®, 
and C is situated in the obtuse angle ^ between the crystallographic axes 
a and c. 

The following are the refractive indices of the tremolite for sodium light, 
determined by means of a Pulfrich total reflectometer, the section being 
almost parallel to iho acute bisectrix but at about 45^^ to the optic axial 
plane *:— 


a=:D6029, 

P=l-6175, 


=1*6300. 

Y-^=0*027L 


When calculated from the indices by means of Bartalani’s formula*. 


tan 9 ^ 

cos V = *7— j» where cos 9 = ~ 
tan 9 Y 


and 


cos 


t ^ 


the optic axial angle, 2V=85° 6'. Actual measurements of the optic axial 
angle in elides 18145 and 18146 gave 2V=80°. These were corrected for 
the difference in refractive index of the hemisphere (1*650) and the mineral 
(p=l*6176). 


^ Ford, Am, Joum. Sci., XXXVII, p. 179 (1914). 0. ‘ RosenbosohV MikroEi- 

koplBohe Phvsiogrftphie der Petrographiseh Wichtigdh Miner alien *, Stattgart, T, No. 2, 
pp. 512, 513 (1927). 

■ J. P. Iddinge, ‘ Hock Minerals’, New York, p. 367 (1911). 

• C. Pnlfrioh, ‘ Das Total reflectometer Leipzig, Plate HI, Fig. 6 (1890). 

* F. Beoke, * Tsohermak’s Lehrbuch der Mineralogio Vienna, p. 211 (1921). 
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The foregoing results are given below in tabular form together with the 
values of other tremolites ^:— 


No. 

a 

1 

p 

Y 

Y—a 

C ; c 

2V 

I 

1*5996 

1*6131 

1*6244 

0*0248 

16®39' 

81*33' 

II 

1*6000 

1*6155 

1*6272 

0*0272 

16°25' 

70*38' 

[II 

1*6029 

1*6175 

1*6300 

0*0271 

15® 

86*6' 

IV 

1*6022 

1*6192 

1*6347 

0*0325 

16°38' 

80*20' 


I. Tremolite, Gouverneur, N. Y. d = 2*997. 

II. Tremolite, Switzerland, d — 2*980. 

III. Tremolite, Jasidlh, India, d = 8*06. 

IV. Tremolite, Lee, Mass., U. S. A. 

A. L. CouLSow 


Note on Sapphirine in the Vizagapatam District. 

Sapphirine was first discovered in India by Mr. C. S. Middlemiss in 1902, 
and was described by him in a paper entitled ‘ Note on a Sapphirine-bearing 
rock from the Vizagapatam district In this paper he states that he found 
in one place near Paderu (18® 04': 32® 42') a rock containing this rare 
mineral. A later paper by Dr. T. L. Walker and Mr. W. H. Collins* written 
as the result of an examination of some further specimens collected by Middle- 
miss in 1903, reports the mineral from numerous places between Paderu 
and Gangrez Madgul, and considerably extends the information given in 
the original report. 

The objects of the present note are (1) to show that rocks containing 
sapphirine are fairly common over a wide area in the Vizagapatam Hill 
Tracts situated about 25 miles to the east of the region noted by Walker and 
Collins, and (2) to add the refractive indices, and the optic axial angle to 
the optical constants of this mineral already published in our Records, 

In April, 1924, I made a hasty traverse through the Vizagapatam Hill 
Tracts, and cjllected numerous rock specimens in the valleys between Lon- 
gaparti (18® 11': 82® 59') and Masavalsa (18® 12': 82® 54'), and also be- 
tween Jalda (IS® 07': 82® 54') rnd Pedakota {18^ 05': 82® 57'). On examin¬ 
ing these specimens I found pieces of sapphirine-bearing rock collected from 
a number of different places scattered throughout these valleys. This 
region lies about 25 miles e^st of that in which Middlemiss first found 
sapphirine. In all probability this mineral is a common one over most of 
this part of the Eastern Ohats. 

^ 0. Miigge, loc. cU., p. 513. 

Geol. Surv, lnd„ Vol. XXXI. p. 38 (1904). 

« Op, dh, XXXVI. p. 1-18 (1907). 
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My speoimenB differ from Middlemisa^ in that the sapphirine is less well 
developed. The mineral generally forms a thin rim round grains of heroy- 
nite, and separates that mineral from the hypersthene of which the bulk of 
the rook is composed. In Middlemiss* rock the thin rim has expanded at 
the expense of the hercynite, till that mineral has either completely dis¬ 
appeared, or is reduced to a mere core. The rock and mineral association 
in all the localities where sapphirine was found are indistinguishable from 
those already described by Middlemiss, and later, and more fully, by 
Walker and Collins. 

The optical constants determined by Middlemiss are as follows:— 
Pleochroism : strong. 

a = Very pale dirty orange or pinkish grey, 
b = Deep cobalt blue. 
t = Deep Prussian blue. 

Cleavage : distinct. 

Extinction angle from 0® to 25® in sections showing a and C colours. 
Biaxial, negative. 

In addition to these Walker and Collins give some information as to the 
orientation of the crystallographic axes with respect to the cleavage plane. 

Using Middlemiss’ material, which is purer than my own, but otherwise 
identical, I have obtained the following additional optical properties:— 

The refractive indices are :— 

a =1-714, [3 =1-718, T =1-720. 

2V = 62°. 

The refractive indices have been obtained in the usual way by comparing 
grains of the mineral with liquids of known refractive index. For this 
comparison use was made of sodium light, and the Becke line test. The 
refractive indices of the immersion media were checked with a Zeiss vari¬ 
able refracting angle refractoraeter. By these means it is believed that the 
limits of error have been kept below 0*002. 

The optic axial angle was obtained with the help of a Federov Universal 
Stage by direct observation of both optic axes in a thin section of the mineral. 
A suitable correction has been made for the error in the reading of this angle 
due to the difference in refraction between the mineral and the hemispherical 
glass of the instrument. 

The refractive indices and the optic axial angle given by Ussing for this 
mineral from Fiskernas in Greenland are :— 

a = 1-705, p =1-709, y =1-711.' 

2V == 68^ 

Ussing used red light for the determination of the refractive indices, 
and sodium light for the optic axial angle. It is impossible to make an 
accurate comparison between Ussing’s results for the refractive indices and 
mine, as he does not mention the wave length of his red light. 
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Using a red light similar to that described by Ussing I found that the 
refractive indices of the liquids used in my determination were about 0*005 
lower than the figure for the same liquids measured in sodium light. By 
deducting this figure from my results an approximate idea of the refractive 
index of Indian sapphirine in red light can be obtained. This, however, 
does not allow for the difference in dispersion between the mineral and the 
liquids, a factor which might be of considerable importance. 

Comparing the two sets of refractive indices in red light, it appears that 
the Indian mineral has a slightly higher refraction than the Greenland one. 
Its optic axial angle is on the other hand a little lower. These two small 
variations are probably due to the fact that iron has largely taken the place 
of magnesia in the Indian sapphirine, while the opposite is the case in the 
Greenland mineral. 


H. Chookshank. 


On a Titaniferous Augite from Chaudrawati, SIrohi State, 

Rajputana. 

The titaniferous augite in question occurs in a contact metamorphic 
product at the junction of a small plug of olivine-gabbro with a calcic rock, 
, , one mile east-north-east of Chaudrawati (24® 26' 30'": 

n 0 uc oti. ^jrgo Sirohi State, Rajputana. Its associated 

minerals are calcite, wollastonite, pectolite, quartz, microcline, orthoclase, 
plagioclase and magnetite. Near Kui (24® 28' : 72® 50'), where a smaller 
plug of olivine-gabbro intrudes a similar calcic rock, prehnite also is found. 

The presence of titanium in the pyroxene was proved by the reactions of 
Gaubert ^ using concentrated sulphuric acid containing morphine in solu- 
DefcrlpHve notes, tion. After 24 hours, a distinct red colour was visible. 

In the hand specimen, the augite was black. In thin section, its pleo* 
chroism was as follows :— 


a=mauve, 

b=mauve, 

C=greeni8h brown. 

Absorption; 4 > b > c 

Dispersion: p > V 

At its edges, the mineral is altered to a green variety of pyroxene, less pleo- 
chroic than the main mass and also at times in different optical orientation ; 
at others, the orientation is^the same. 

^ P. Gaubert, RyM. 8oc, Franc, Min,, XXXIII, pp. 324-26 (1910). 

See aleo L. L^, CompUa Rtndua Acad. 8ci, Pari§, GUI, pp. 1074-75 (1886). 
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The highest and lowest refractive indices, determined for sodium light 
by the Beoke method using a solution of sulphur in methylene iodide, were 
as follows:— 


Y =1*758±-001, 

V 

a =-l-734±-001, 

V 


Y—a =0-024. 
y V 

The refractive index p varies on account of the change in the optical 
character of this titaniferous augite. This change is discussed in the follow¬ 
ing section. When the augite is pseudo-uniaxial, p = o) = a, the mineral 
being positive. Assuming, however, an average optic axial angle of 2 V= 
36®, p can be calculated as 1-736 by Bartalini’s formula.^ Efforts to measure 
the refractive indices of a polished fragment of the augite by means of the 
total reflectometer were unavailing. 

The interest of the augite lies in the fact that its optical character varies. 
The mineral is always positive, but certain sections appear pseudo-uniaxial 
^ . even when viewed with yellow and green monochromatic 
chara^cter. " light. Generally, however, the augite is biaxial, but 

the optic axial angle changes greatly. Three deter¬ 
minations for green light measured by the Federov method gave results 2 
V=36®, 34® and 72®, respectively. The measurements in these determinations 
were corrected for the difference in refractive index between the hemispheres 
and iJ^e mineral according to Plate No. 7 of Wright’s memoir.* 

Tne augite was twinned with fine lamellse parallel to (001)* and exhibited 
one good and one weak cleavage in two of the three sections. In one sec¬ 
tion, P was almost in the twinning plane whilst the good (prismatic) cleavage 
was inclined to the axial plane at some 46®. In a second section, somewhat 
similar results were obtained, the good cleavage being inclined at about 
30® to the optic axial plane. In a third section, two good cleavages of equal 
strength were visible ; these were the usual prismatic cleavages (110) and 
(110). The optic axial plane made a small angle with the symmetry plane 
suggesting that the augite may be triclinic. 

The results are very interesting but are not conclusive, as the dispersion 
of the mineral made it exceedingly diificult to obtain exact results and, also, 
the crystallographic directions were not plain. In addition, the correction 
applied for the index of refraction of the hemispheres can at best be only 
approximate for minerals with such high birefringence as possessed by this 
augite. One can definitely say, however, that the optical nature of this 
titaniferous augite changes from biaxial to pseudo-uniaxial and that its 
optic axial angle varies largely. 

^ F. Beoke, * Tsohermak’s Lehrbuoh der Mineralorie,* Vienna, p. 211 (1921). 

* F. E. Wright, * The Methods of Fetromphio-Hlarosoopio Beeearoh. Theii relative 
aoonraoy and range of application,' Wasniiu^n (1911). 

* J. P. Iddings, * Bock Minerals,* New York, pp. 31^7 (1911). 
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The following are the registered numbers of the rock specimens in the 
collections of the Geological Survey of India, the numbers in parenthesis 
denoting the corresponding thin section :—36/787 (17595); 36/790 (17597) ; 
36/791 (17598) ; and 36/795 (17601). 

A. L. COULSON. 
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GRAPH SHOWING THE AVERAGE RELATION BETWEEN THE PERCENTAGE OF THE TOTAL 
OIL AND TOTAL GAS RECOVERED ULTIMATELY FROM 5 CALIFORNIA WELLS, 


Curves B, C 4 D are based on the assumption that the percentage of oil recovered was 40, 30 
and 20 per cent, respectively of the original oil contained in the reservoir sands. 
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PRODUCTION GRAPH ILLUSTRATING GAS-OIL RATIO CONTROL BY MEANS OF CASING 
PRESSURE IN A PUMPING WELL IN DOMINGUEZ FIELD. 


PRESSURE LBS. PER 8Q. IN. 
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GRAPH ILLUSTRATING RESULTS OF REPRESSURING WITH AIR. 
Harmel Pool, Archer County, Texas. 
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GRAPHS ILLUSTRATING THE RESULTS OF REPRESSURING. ALLUWE, OKLAHOMA. 
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SALT CREEK GAS DRIVE. 

Composite curve for 19 key wells showing dally average oil production for surrounding wells per key well. 
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